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LETTER  OF  TRANSMITTAL 

Department  of  Agriculture, 

Office  of  the  Secretary, 
Washington , September  29,  1949. 
The  Speaker,  House  of  Representatives. 

Dear  Mr.  Speaker:  A report  entitled  “Missouri  River  Basin 
Agricultural  Program”  is  transmitted  herewith. 

This  report  has  been  prepared  by  the  Department  of  Agriculture 
with  the  assistance  of  the  State  agricultural  and  conservation  organiza- 
tions and  with  the  aid  and  encouragement  of  representative  groups 
of  citizens  in  the  Missouri  Basin. 

It  sets  forth  a broad  program  specifically  designed  to  conserve  and 
improve  the  soil  for  sustained  productive  use,  protect  and  enhance 
the  forest  resource,  abate  flood  and  sediment  damages,  provide  for 
more  efficient  land  use  through  irrigation  and  drainage,  protect  the 
water  resource,  and  in  many  other  ways  contribute  to  the  full  and 
efficient  development,  utilization,  and  conservation  of  a region  con- 
taining one-sixth  of  the  area  of  the  United  States  and  an  even  larger 
proportion  of  its  natural  wealth. 

The  program  is  based  upon  time-tested  and  long-accepted  principles. 
It  places  primary  responsibility  where  it  properly  belongs,  upon  the 
people  who  control  and  use  the  some  268,000,000  acres  of  privately 
owned  land  in  the  Missouri  Basin.  To  the  fullest  possible  extent,  it 
utilizes  existing  legislation,  programs,  and  agencies. 

But  in  certain  other  respects  the  proposed  program  is  an  innovation. 
It  would  be  carried  out  under  a comprehensive,  unified,  and  multiple- 
purpose  plan  especially  designed  to  meet  the  unique  needs  of  the 
Missouri  Basin.  It  calls  for  installation  of  the  needed  measures  in  a 
definite  period  of  time  and  for  the  accelerated  effort  necessary  to 
accomplish  this.  In  these  and  other  respects,  it  represents  a long  step 
forward  in  the  Nation’s  approach  to  the  conservation,  development, 
and  use  of  its  natural  resources. 

The  proposed  program  is  urgently  needed.  The  Missouri  Basin  is 
disadvantaged  by  droughts,  soil  erosion,  floods,  maladjustments  in 
land-use,  and,  in  general,  the  underdevelopment  of  its  resources,  all 
of  which  contribute  to  the  insecurity  of  the  basin’s  people  and  the 
instability  of  their  economy. 

The  need  for  immediate  action  is  the  more  pressing  because  the 
construction  of  engineering  works  is  outdistancing  programs  for  the 
land.  Projects  for  main-stream  flood  control,  irrigation,  navigation, 
and  water  power  must  be  complemented,  supported,  and  balanced  by  a 
program  for  the  land.  Costly  reservoirs  require  protection  from 
sediment.  The  land  must  be  preserved  if  great  engineering  works  are 
to  serve  their  purpose  and  pay  for  themselves.  For  these,  and  many 
other  reasons,  agricultural  and  engineering  programs  must  move 
forward  together.  And  for  all  these  reasons,  the  Missouri  River  Basin 
agricultural  program  has  been  designed  as  the  agricultural  phase  of  a 
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comprehensive  and  multiple-purpose  regional  program.  This  insures 
that  it  will  key  into  and  complement  the  main-stream  projects  now 
authorized,  any  additional  projects  that  may  later  be  authorized  or, 
in  fact,  any  system  of  engineering  works  that  might  conceivably  be 
undertaken  within  the  basin. 

The  report  proposes  that  the  program,  almost  in  its  entirety,  be 
carried  out  under  the  provisions  of  existing  laws.  However,  it  pro- 
vides for  some  piecing  out  and  adaptation  of  certain  authorities  to 
insure  full  coordination  and  maximum  efficiency.  The  legislative 
modifications  required  to  this  end  are  reviewed  on  pages  23-25  of 
the  Foreword  and  Summary.  It  will  be  noted  that  they  are  relatively 
minor  m extent  and  limited  to  those  changes  and  additions  necessary 
to  support  and  make  more  effective  lines  of  work  already  authorized 
and  under  way. 

The  interested  agencies  of  the  Federal  Government  have  been  given 
an  opportunity  to  review  the  proposed  program.  Their  comments, 
based  on  a preliminary  draft  of  the  report,  are  attached.  Changes 
in  the  draft  of  the  report  were  suggested  in  certain  of  these  letters. 
These  suggestions  were  utilized  to  the  fullest  possible  extent  in  pre- 
paring the  report  transmitted  herewith.  In  a few  instances,  however, 
complete  reconciliation  of  views  could  not  be  achieved.  In  this  con- 
nection, attention  is  called  to  the  attached  copy  of  my  letter  of  Sep- 
tember 9 to  the  Secretary  of  the  Interior  concerning  his  comments  on 
the  report. 

In  view  of  all  the  foregoing,  I recommend  that  the  Congress  approve, 
and  authorize  by  appropriate  legislation,  the  unified  program  set  out 
in  the  report. 

The  report  has  been  carefully  studied  by  the  Bureau  of  the  Budget. 
Enclosed  is  a copy  of  a letter  dated  September  29  setting  out  the  views 
and  suggestions  of  that  agency.  In  compliance  with  the  specific 
suggestion  made  in  point  3 of  this  letter,  attention  is  directed  to  the 
provision  on  page  25  of  the  report  for  subsequent  presentation  of 
benefit-cost  ratios  for  individual  works  or  related  groups  of  works. 
The  Bureau  of  the  Budget  advises  that  the  aims  and  objectives  of  the 
report  are  generally  in  accord  with  the  program  of  the  President  and 
that  there  is  no  objection  to  its  submission  to  the  Congress  for  con- 
sideration. 

Sincerely, 

Charles  F.  Brannan, 

Secretary. 
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LETTER  FROM  THE  BUREAU  OF  THE  BUDGET  TO  THE  SECRETARY 

OF  AGRICULTURE 

Executive  Office  of  the  President, 

Bukeau  of  the  Budget, 
Washington , D.  C .,  September  29,  19^9. 
The  honorable  the  Secretaky  of  Agriculture. 

My  Dear  Mr.  Secretary:  This  letter  will  acknowledge  receipt  of 
and  reply  to  Mr.  Roberts’  letter  of  May  11,  1949,  as  amended  by 
Mr.  Wells’  letter  of  September  1,  1949,  transmitting  copies  of  a pro- 
posed report,  entitled  “Missouri  River  Basin  Agricultural  Program,” 
for  review  and  advice  concerning  the  relationship  of  the  proposals 
advanced  therein  to  the  program  of  the  President. 

In  the  course  of  its  review,  the  Bureau  of  the  Budget  has  taken 
under  consideration  the  views  of  other  agencies  affected.  I believe 
that  in  each  case  copies  of  the  letters  expressing  the  views  of  the  other 
agencies  have  been  sent  directly  to  you. 

The  breadth  of  approach  which  characterizes  the  report  (while  in- 
creasing its  value  as  a general  statement  of  the  views  of  the  Depart- 
ment with  respect  to  the  kind  of  work  which  it  believes  should  be 
undertaken  in  the  Missouri  Basin)  makes  it  impossible  for  the  Bureau 
of  the  Budget  to  perform  its  review  of  the  report  in  the  usual  manner 
in  accordance  with  the  provisions  of  Executive  Order  No.  9384. 
Accordingly,  no  attempt  will  be  made  at  this  time  to  perform  a 
technical  review  of  any  features  of  the  report.  Such  review  will  be 
made  in  connection  with  specific  projects  or  program  extensions  when 
they  are  presented  either  for  authorization  or  when  appropriations  for 
them  are  sought. 

You  are  advised  that  the  aims  and  objectives  of  the  report  are 
generally  in  accord  with  the  program  of  the  President  and  that  there 
is  no  objection  to  its  submission  to  the  Congress  for  consideration. 
It  is  requested,  however,  that  your  letter  of  transmittal  either  set 
forth  the  following  points  or  refer  to  and  attach  a copy  of  this  letter. 

1 . The  basic  purpose  of  the  report  is  to  clarify  many  of  the  diverse 
authorizations  of  the  Department  of  Agriculture  in  such  a manner  as 
to  permit  acceleration  of  its  authorized  programs  in  the  Missouri 
Basin.  Approval  of  the  report  by  the  Congress,  therefore,  will  con- 
stitute mainly  a broad  endorsement  of  such  an  accelerated  program, 
with  the  resulting  sanction  for  seeking  increased  appropriations,  sub- 
ject to  the  limits  of  annual  budgetary  policy  as  announced  by  the 
President.  Approval  of  the  report  by  the  Bureau  of  the  Budget  on 
behalf  of  the  President,  does  not,  of  course,  prejudge  the  position 
which  he  may  wish  to  take  if  a problem  of  further  statutory  clarifica- 
tion should  arise  or  if  legislation  proposing  extension  of  programs  either 
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in  major  scope  or  beyond  the  geographic  limits  of  the  basin  should  be 
submitted  at  some  time  in  the  future. 

2.  Authorization  at  this  time  of  the  $100,000,000  program  for  the 
stabilization  of  small  water  courses  would  be  in  accord  with  the  pro- 
gram of  the  President.  If  this  program  is  authorized  to  be  carried 
out,  it  should  be  in  keeping  with  the  policy  of  water-flow  retardation 
and  prevention  of  soil  erosion  by  the  installation  of  small  works  of 
improvement.  The  cumulative  effects  of  such  a program  designed  to 
assist  in  preventing  rapid  run-off  and  temporary  impounding  of  excess 
floodwaters  will,  without  doubt,  be  highly  beneficial,  but  the  relation- 
ship of  such  improvements  to  major  works  on  main  streams  must  be 
carefully  assessed. 

3.  One  of  the  accepted  criteria  for  justification  of  both  general  pro- 
grams and  specific  projects  thereunder  is  the  development  of  basic 
information  regarding  economic  justification  in  terms  of  benefit-cost 
ratios.  While  the  report  does  not  contain  such  data,  your  acceptance 
of  this  criterion  is  set  forth  on  page  25  of  the  report.  Specific  reference 
to  it  should  be  made  in  your  letter  of  transmittal.  This  will  insure 
that  the  Congress  understands  that  such  data  will  be  developed  and 
presented  at  the  appropriate  time  either  in  justification  of  appropri- 
ation requests  or  in  connection  with  the  development  of  further  au- 
thorizing legislation,  where  required. 

I believe  that  the  report  represents  a constructive  and  comprehen- 
sive presentation  of  the  kind  of  program  which  the  Department  of 
Agriculture  believes  should  be  undertaken  to  develop  the  Missouri 
Basin  in  the  best  interests  of  the  Nation,  the  States  within  the  basil, 
and  their  inhabitants.  I believe  further,  that  the  report  should  be 
considered  as  an  outline  of  desirable  work,  to  be  undertaken  on  a 
priority  basis,  but  without  prejudice  to  certain  questions  of  responsi- 
bility for  specific  programs. 

Sincerely  yours, 

F.  J.  Lawton, 

Acting  Director. 


LETTER  FROM  THE  SECRETARY  OF  THE  INTERIOR  TO  THE 
SECRETARY  OF  AGRICULTURE 

Depariment  of  the  Interior, 
Washington,  D.  C.,  August  4,  1949. 

Hon.  Charles  F.  Brannan, 

Secretary  of  Agriculture. 

My  Dear  Mr.  Secretary  : Further  reference  is  made  to  your  letter 
of  May  13,  1949,  with  which  you  submitted  the  report  entitled  “Mis- 
souri River  Basin  Agricultural  Program”  for  review  by  the  Department 
of  the  Interior. 

I appreciate  the  opportunity  you  have  afforded  the  Department  of 
the  Interior  to  review  and  comment  on  this  report.  The  program  out- 
lined therein  constitutes  a significant  advance  in  planning  for  the 
conservation,  development,  and  optimum  use  of  the  resources  of  the 
Missouri  Basin.  It  is  especially  desirable  that  the  Department  of 
Agriculture  accelerate  its  conservation  activities  in  this  basin,  in  view 
of  the  comprehensive  land  and  water  development  program  of  the 
Corps  of  Engineers  and  the  Bureau  of  Reclamation  already  authorized 
in  the  Missouri  Valley. 
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The  benefit-cost  ratio  calculation  commonly  included  in  a report 
such  as  the  one  under  consideration  has  not  been  provided.  The 
benefits  are  stated  only  qualitatively,  whereas  in  previous  flood-control 
reports  issued  by  the  Department  of  Agriculture,  the  benefit-cost  ratio 
has  been  presented  in  sufficient  detail  to  permit  of  critical  analysis. 
Such  a benefit-cost  ratio  was  included  in  the  draft  of  the  flood-control 
report  covering  the  Missouri  River  watershed  which  was  submitted  to 
interested  regional  offices  of  the  Department  of  the  Interior  for  com- 
ment on  November  19,  1948.  I assume  that  the  measures  proposed  in 
that  report,  which  I understand  has  received  general  approval,  are 
included  in  the  more  comprehensive  plan  which  is  now  under  review. 
However,  it  is  impossible  to  identify  them  specifically. 

The  conservation  practices  proposed  for  croplands  appear  reason- 
able with  respect  to  over-all  cost.  In  proportion  to  the  total  annual 
income  from  agriculture  and  to  the  total  agricultural  wealth  in  the 
basin,  they  are  relatively  conservative.  Experience  has  shown  that, 
within  reasonable  limits,  such  expenditures  produce  a high  rate  of  on- 
site return.  More  than  three-fourths  of  the  contemplated  expendi- 
tures would  be  made  by  the  farmers  themselves,  provided  a high  degree 
of  cooperation  can  be  developed. 

The  estimates  covering  capital  improvements  for  forest  and  forest 
range  lands,  on  the  other  hand,  appear  to  be  excessive  in  proportion 
to  the  economic  value  of  the  forest  resources  in  this  largely  treeless 
region.  The  proposed  expenditures  over  a 30-year  period  would  total 
about  $1,000,000,000  plus  about  $300,000,000  for  maintenance  and 
protection  on  lands  exclusive  of  those  under  Interior.  Total  expendi- 
tures would  average  about  $43,000,000  annually.  Wide  the  growth 
of  timber  per  annum  in  the  basin  is  not  definitely  set  forth  in  the 
report,  it  appears  that  the  value  of  the  stumpage  and  forage  now  pro- 
duced, or  even  the  value  of  the  potential  stumpage  and  forage  produc- 
tion, is  less  than  the  proposed  annual  expenditures.  Justification  for 
the  proposed  expenditures,  therefore,  must  rest  upon  improvements 
in  watershed,  wildlife,  and  recreational  values  which  are  difficult  to 
determine  or  support. 

The  estimates  for  expenditures  on  forest  and  range  lands  in  national 
forests  in  particular  appear  to  be  high  compared  with  estimates  for 
expenditures  on  forest  and  range  lands  administered  by  the  Depart- 
ment of  the  Interior.  On  16,789,000  acres  of  national-forest  lands, 
proposed  capital  expenditures  are  estimated  to  be  $312,295,000,  or 
$18.60  an  acre,  while  on  22,500,000  acres  of  land  administered  by  the 
Department  of  the  Interior,  proposed  capital  expenditures  are  esti- 
mated to  be  $29,161,000,  or  $1.30  an  acre. 

In  view  of  this  wide  discrepancy,  and  in  view  of  the  further  fact  that 
the  various  agencies  in  the  Department  of  the  Interior  are  not  in  a 
position  to  furnish  estimates  for  the  types  of  expenditures  contem- 
plated in  this  report  within  the  limited  time  available  for  review 
thereof,  I recommend  that  table  21  on  page  79,  entitled  “Costs  of 
Installing  Measures  on  Lands  Under  Jurisdiction  of  the  United  States 
Department  of  the  Interior, ” be  eliminated  and  that  the  summary 
table  on  page  ix  be  revised  accordingly.  You  are  advised  in  this  con- 
nection that  the  bureaus  and  agencies  of  this  Department  will  welcome 
the  opportunity  of  cooperating  with  your  Department  in  providing 
estimates  for  the  effectuation  of  the  Missouri  Basin  agricultural 
program  on  Interior  lands  with  the  understanding  that  the  funds 
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proposed  for  expenditure  thereon  will  be  under  their  immediate  super- 
vision. 

The  proposed  addition  of  407,000  farm  ponds  to  the  250,000  already 
constructed  in  the  Missouri  Basin,  with  an  estimated  combined  stor- 
age of  about  4,000,000  acre-feet,  would  provide  an  unnecessarily  large 
number  of  stock-water  facilities;  result  in  an  excessive  loss  of  water 
through  evaporation  and  transpiration;  and  probably  seriously  jeop- 
ardize the  water  supply  of  the  basin  for  other  purposes.  I recommend 
that  this  proposal  be  reconsidered  in  the  light  of  its  effects  upon  the 
volume  of  water  reaching  the  main  streams  of  the  basin.  Your  at- 
tention is  invited  in  this  connection  to  the  observations  of  Mr.  W.  G. 
Sloan  and  the  Commissioner  of  the  Bureau  of  Reclamation. 

Certain  of  the  recommendations  concerning  the  rehabilitation, 
reorganization,  and  refinancing  of  existing  irrigation  projects  and  to 
economic  investigations  and  feasibility  determinations  of  proposed 
irrigation  projects  would  involve  direct  infractions  of  existing  reclama- 
tion laws  and  result  in  duplication  of  the  activities  of  the  Bureau 
of  Reclamation  or  in  shifting  the  authority  long  vested  in  that  Bureau 
to  the  Department  of  Agriculture.  Since  one  function  of  a multiple- 
purpose  reclamation  project  cannot  properly  be  separated  from  the 
others,  final  determinations  of  feasibility  of  all  segments  of  such 
projects  should  be  centralized  in  one  department.  I therefore  recom- 
mend that  the  chapter  entitled  “A  Program  in  Aid  of  Irrigation’ ’ be 
revised  to  eliminate  these  proposed  activities.  In  making  such  a 
recommendation,  I have  no  intention  of  deprecating  the  assistance 
which  the  Department  of  Agriculture,  the  agricultural  experiment 
stations,  and  the  extension  services  of  the  land-grant  colleges  have 
given  in  the  planning  and  operation  of  reclamation  projects.  I hope 
that  the  widespread  cooperation  which  now  obtains  between  these 
agencies  and  the  Bureau  of  Reclamation  may  be  continued  and 
strengthened. 

The  proposed  drainage  of  about  3,975,000  acres  of  presently 
irrigated  land  and  land  in  new  irrigation  developments,  and  of  approxi- 
mately 5,834,000  acres  of  land  adjacent  to  main  streams  would  affect 
adversely  the  wildlife  habitat  of  the  Missouri  Basin.  Furthermore,  the 
proposed  canalization  of  running  streams  would  affect  deleteriously 
the  wildlife  and  the  fish  resources  of  the  basin.  The  Fish  and  Wildlife 
Service  will  therefore  welcome  an  opportunity  to  examine  proposed 
projects  of  this  nature,  under  the  Amended  Coordination  Act  of  1946 
(60  Stat.  1080),  in  order  that  mitigating  measures  may  be  taken. 
Other  areas  of  joint  interest  in  drainage  development  require  co- 
operation and  agreement  between  the  Bureau  of  Reclamation  and  the 
Department  of  Agriculture  agency  concerned.  The  services  of  the 
Department  of  the  Interior  are  available  for  clarification  and  co- 
operative determination  of  the  responsibilities  and  principles  involved 
and  the  procedures  needed. 

Basic  hydrologic,  topographic,  and  geologic  data  necessary  to  the 
successful  prosecution  of  the  proposed  Department  of  Agriculture 
program  for  the  Missouri  Basin  can  best  be  supplied  by  the  Geological 
Survey.  To  avoid  duplication  of  effort  and  to  make  its  investigations 
of  the  highest  possible  value  to  the  Department  of  Agriculture,  the 
Geological  Survey  will  welcome  the  opportunity  to  cooperate  in 
the  formulation  of  a comprehensive  plan  of  investigations  designed 
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to  meet  the  needs  of  your  Department  for  basic  data,  the  preparation 
of  which  is  within  the  Survey’s  field. 

The  report  has  been  reviewed  by  all  of  the  interested  bureaus  and 
offices  of  this  Department,  and  copies  of  the  comments  received  are 
enclosed  for  the  purpose  of  assisting  in  the  revision  of  the  report, 
namely: 

Memorandum  from  the  Division  of  Power,  dated  July  11,  1949. 

Memorandum  from  the  Bureau  of  Reclamation,  dated  July  1, 1949. 

Memorandum  from  the  Bureau  of  Mines,  dated  June  24,  1949. 

Memorandum  from  the  National  Park  Service,  dated  June 
15,  1949. 

Memorandum  from  the  Bureau  of  Land  Management,  dated 
June  14,  1949. 

Memorandum  from  the  Geological  Survey,  dated  June  3,  1949. 

Memorandum  from  the  Office  of  Indian  Affairs,  dated  May 
31,  1949. 

Memorandum  from  the  Fish  and  Wildlife  Service,  dated  May 
27,  1949. 

Memorandum  from  the  Chairman,  Missouri  Basin  Field  Com- 
mittee, Department  of  the  Interior,  dated  June  20,  1949. 

It  is  my  judgment  that  the  report  should  be  revised  with  a view  to 
meeting  the  constructive  criticism  offered.  It  is  my  hope  that  we 
may  have  the  opportunity  of  giving  our  wholehearted  support  to 
a revised  Missouri  River  Basin  agricultural  program  at  an  early  date. 

A copy  of  this  letter,  together  with  its  attachments,  is  being  sent  to 
the  Director  of  the  Bureau  of  the  Budget  for  his  information. 
Sincerely  yours, 

J.  A.  Krug, 
Secretary  of  the  Interior. 


LETTER  FROM  THE  SECRETARY  OF  COMMERCE  TO  THE 
SECRETARY  OF  AGRICULTURE 

The  Secretary  of  Commerce, 

Washington  25,  June  2 J,  1949. 
The  honorable  the  Secretary  of  Agriculture, 

Washington  25,  D.  C. 

Dear  Mr.  Secretary:  This  Department  has  reviewed  the  report, 
Missouri  Basin  Agricultural  Program,  in  accordance  with  your  letter 
of  May  13. 

Tbe  program  outlined  in  the  report  with  the  other  resource  programs 
already  formulated  by  other  agencies  and  groups  goes  far  toward 
assuring  the  full  development  of  the  resources  in  the  Missouri  Basin. 

As  the  agricultural  program  and  the  works  associated  with  water 
control  and  use  make  progress,  there  is  definite  need  for  a program  to 
service  private  interests  in  achieving  the  final  capstone  of  balanced 
regional  development:  the  commercial  and  industrial  expansion  made 
possible  by  the  basic  resource  programs.  The  fostering  of  this  ex- 
pansion is  logically  the  concern  of  my  Department;  and,  although 
our  efforts  in  the  Missouri  Basin  have  thus  far  been  necessarily 
exploratory  and  experimental  in  nature,  we  are  not  unmindful  of  our 
responsibility  and  expect  to  develop  an  appropriate  program  in  the 
light  of  this  experience. 
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The  unified  approach  to  the  land  problems  of  the  Missouri  Basin 
as  contained  in  your  report  represents  a great  forward  advance.  It  is 
now  possible  fo ; the  first  time  to  program  the  various  activities  coordi- 
nately  one  to  the  other  and  to  measure  accomplishment  against 
over-all  need.  Similar  studies  for  the  other  regions  of  the  country 
will  provide  an  ideal  and  necessary  basis  for  national  budgeting  for 
the  proper  conservation  and  use  of  our  land  resource. 

The  relative  costs  and  benefits  of  certain  phases  of  the  compre- 
hensive program  in  the  Missouri  Basin  are  not  as  sharply  differentiated 
in  the  report  as  would  be  desirable.  Furthermore,  it  is  obvious  that 
in  such  a vast  region  as  the  Missouri  Basin  the  ratio  of  benefits  to 
costs  will  vary  greatly  from  area  to  area  with  respect  to  the  program 
as  a whole  and  its  individual  phases.  This  seems  particularly  true, 
for  example,  of  the  program  dealing  with  stabilizing  measures  for 
small  watercourses.  All  this  is  recognized  in  the  report,  and  accord- 
ingly we  heartily  endorse  the  report’s  proposal  to  proceed  syste- 
matically on  the  parts  of  the  program  and  in  the  areas  which,  on  the 
b isis  of  more  detailed  information,  promise  to  yield  the  greater  returns 
for  the  public  expenditures. 

In  general,  we  believe  the  comprehensive  program  proposed  in  the 
report  is  a most  significant  and  exemplary  landmark  in  the  field  of 
resource  development  and  use. 

Sincerely  yours, 

Charles  Sawyer, 
Secretary  of  Commerce . 


LETTER  FROM  THE  CHIEF  OF  ENGINEERS  TO  THE  SECRETARY  OF 

AGRICULTURE 


Department  of  the  Army, 

Office  of  the  Chief  of  Engineers, 

Washington , July  14,  1949. 
The  honorable  the  Secretary  of  Agriculture. 

Dear  Mr.  Secretary:  Reference  is  made  to  your  letter  of  May 
13,  1949,  with  which  you  forwarded  for  information  and  comment  a 
copy  of  the  Department  of  Agriculture’s  report,  Missouri  River  Basin 
Agricultural  Program. 

A review  of  the  report  indicates  a 5-point  program  as  follows: 

(1)  Program  of  conservation  and  improvement  measures  for 

grassland  and  cropland. 

(2)  Program  for  forest  and  forest-range  lands. 

(3)  Program  of  stabilizing  measures  for  small  watercourses. 

(4)  Program  in  aid  of  irrigation. 

(5)  Program  to  improve  drainage  on  agricultural  lands. 

It  is  also  noted  that  the  report  recommends  supporting  programs 
as  follows: 

(a)  Soil  surveys  and  land  classification. 

( b ) Research  and  investigation. 

( c ) Extension  education. 

id)  Supporting  credit  program. 

(e)  Rural  electrification. 

It  is  further  noted  that  the  estimated  total  cost  of  the  agricultural 
program  is  9.1  billion  dollars,  with  66  percent  or  6.0  billion  dollars  to 
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be  expended  by  private  interests,  State  or  other  public  bodies;  and  34 
percent  or  3.1  billion  dollars  to  be  expended  by  the  Federal  Govern- 
ment. 

In  my  opinion,  your  report  presents  an  exhaustive  analysis  of  the 
long-range  agricultural  problems  in  the  Missouri  River  Basin  and  a 
comprehensive  program  directed  toward  their  solution.  The  recom- 
mended program  includes  provisions  for  needed  measures  to  comple- 
ment the  coordinated  plan  for  flood  control,  navigation,  irrigation, 
hydroelectric  power  development,  and  related  water  uses  now  being 
prosecuted  by  the  Corps  of  Engineers  of  the  Department  of  the  Army 
and  the  Bureau  of  Reclamation  of  the  Department  of  the  Interior. 

I appreciate  the  opportunity  of  reviewing  the  report. 

Sincerely  yours, 

Lewis  A.  Pick, 

Major  General , 

Chief  of  Engineers. 


LETTER  FROM  THE  FEDERAL  POWER  COMMISSION  TO  THE 
SECRETARY  OF  AGRICULTURE 

Federal  Power  Commission, 

Washington  25,  June  21,  1949. 
Subject:  Missouri  River  Basin  agricultural  program. 

The  Honorable  Charles  F.  Brannan, 

Secretary  of  Agriculture,  Washington  25,  D.  C. 

My  Dear  Mr.  Secretary:  The  comments  herein  with  respect  to 
the  report  setting  out  a Missouri  River  Basin  agriculture  program 
prepared  by  the  Department  of  Agriculture  are  transmitted  in  re- 
sponse to  your  letter  of  May  13,  1949.  The  transmittal  of  these 
comments  is  in  accordance  with  established  procedures  of  the  Federal 
Interagency  River  Basin  Committee. 

The  basin-wide  agricultural  program  recommended  in  the  report  is 
proposed  for  the  development  and  conservation  of  land,  water,  and 
forest  resources  and  for  flood  control  in  the  Missouri  River  Basin. 
The  objective  of  the  Department  of  Agriculture  is  to  participate  in 
an  integrated  river-basin  program  to  provide  a comprehensive  and 
unified  development  for  the  utilization  and  conservation  of  the  inter- 
related and  interdependent  land  and  water  resources  of  the  Missouri 
River  Basin.  The  program  is  designed  by  the  Department  of  Agri- 
culture with  a view  to  complementing,  supporting,  and  protecting 
the  extensive  system  of  engineering  works  being  constructed  under 
the  Pick-Sloan  plan  by  reducing  the  rate  of  sedimentation  in  reser- 
voirs and  by  contributing  to  the  reduction  of  flood  and  sediment 
damage  along  tributary  streams  above  the  reservoirs. 

The  agricultural  program  is  also  designed  to  improve  the  manage- 
ment and  conservation  practices  on  282,000,000  acres  of  land  owned 
by  the  582,000  farmers  and  ranchers  in  the  basin,  as  well  as  to  improve 
the  management  of  72,000,000  acres  in  public  ownership.  The 
program  provides  for  research,  soil  surveys,  and  land  classification  as 
a basis  for  technical  assistance  and  extension  education  to  help  the 
landowners  improve  the  management  of  their  land.  The  program 
provides  for  the  use  of  public  funds  to  encourage  cooperation  by 
partially  reimbursing  the  landowners  for  the  cost  of  the  initial  installa- 


8 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


tion  and  application  of  the  conservation  practices.  The  program  also 
provides  for  a large  number  of  small  upstream  dams,  debris  basins, 
improved  channels,  and  diversion  ditches  to  reinforce  the  land- 
management  measures  and  help  stabilize  small  watercourses.  The 
estimated  cost  to  the  Federal  Government  of  installing  the  recom- 
mended program  is  $3,092,328,000  and  represents  an  expenditure  of 
approximately  $100,000,000  a year  over  a 30-year  installation  period. 

The  report  presents  a general  discussion  of  the  purposes  of  the 
proposed  program,  the  measures  proposed  for  accomplishing  these 
purposes,  and  the  benefits  the  Department  of  Agriculture  anticipates 
will  accrue  from  the  program.  The  report  discusses  the  large  reduc- 
tions in  erosion  and  sedimentation  that  are  expected  as  a result  of  the 
program  but  does  not,  however,  indicate  the  extent  to  which  the 
water-borne  sediment  will  be  reduced  nor  point  out  the  areas  in  which 
the  reduction  will  be  the  greatest.  The  stabilizing  effect  of  the  pro- 
gram on  stream  flow  is  discussed,  but  no  estimates  are  given  as  to  the 
effect  of  the  program  on  the  regimen  of  streams,  the  ground-water 
storage  and  discharge,  or  the  yield  of  drainage  areas.  The  qualitative 
discussion  of  the  effects  of  the  program  would  be  more  helpful  if  there 
could  be  given  the  degree  to  which  tributaries  would  be  affected  by 
the  program.  The  research  investigations  that  are  recommended  as 
a part  of  the  program  should  provide  information  and  data  that  can 
be  used  in  planning  and  coordinating  the  entire  basin  program  for 
the  utilization  of  water  resources. 

The  results  of  the  investigation  to  determine  the  effect  of  the 
agricultural  program  will  be  of  assistance  in  connection  with  planning 
for  the  development  of  the  potential  hydroelectric  power  resources 
of  the  Missouri  Basin.  In  planning  reservoir  storage  and  hydro- 
electric power  installations  at  projects  on  the  upper  reaches  of  the 
Missouri  River  and  on  the  various  tributaries,  it  would  be  helpful 
to  know  what  effect  the  agricultural  program  will  have  on  stream 
flow  during  dry  periods,  total  water  yields,  and  sedimentation.  The 
main  stem  of  the  Missouri  below  the  Fort  Randall  and  Gavins  Point 
Dams,  in  addition  To  being  an  important  navigable  waterway,  has 
extremely  important  power  possiblities,  since  the  entire  Missouri  River 
flows  through  about  770  feet  of  head  between  the  tail  water  of  the 
Gavins  Point  project  and  the  mouth  of  the  river.  If  the  water- 
borne sediment  in  this  reach  of  the  river  could  be  materially  reduced, 
it  would  be  possible  to  develop  a series  of  low-head  power  and  naviga- 
tion dams  that  would  yield  over  12,500,000,000  kilowatt-hours  of 
electric  energy  annually  and  provide  slack- water  navigation  through 
improved  and  shortened  channels.  Under  present  conditions,  the 
construction  and  maintenance  costs  of  any  works  for  either  navigation 
or  power  or  both  in  this  reach  of  the  river  are  very  materially  increased 
by  the  water-borne  sediment. 

In  locating  and  planning  power  and  reservoir  projects,  it  is  ^ery 
important  to  be  able  to  determine  not  only  the  money  value  of  lands 
which  might  be  affected  but  also  the  effect,  if  any,  on  the  general 
economy  of  the  locality  or  region.  In  many  cases  it  is  necessary  to 
consider  the  relative  advantages  to  be  obtained  from  the  development 
of  a water  resource;  for  example,  as  in  the  case  of  fish  and  wildlife, 
agricultural  economy,  mineral  values,  community  life,  and  other 
matters. 
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Information  concerning  the  agricultural  economy  and  its  relation 
to  any  particular  project  could  be  provided  as  part  of  the  proposed 
soil-  and  land-classification  program. 

Extension  of  electric  power  to  rural  areas  will  be  a necessary  part 
of  the  basin-wide  resources  development,  and  plans  for  the  Rural 
Electrification  Administration  program  should  be  coordinated  with 
the  power  features  of  the  basin  projects.  The  investigations  of  the 
rural  electrification  program  which  are  proposed  in  the  Department 
of  Agriculture’s  report  will  be  helpful  in  planning  for  the  utilization 
of  the  hydroelectric  power.  The  use  of  power  in  this  basin  for  the 
extension  of  the  rural  electrification  program  has  been  an  important 
feature  of  the  Commission’s  power  market  survey  report  prepared 
for  the  Missouri  Basin  region;  these  reports  having  been  referred  to 
liberally  in  your  record. 

The  Commission  appreciates  the  opportunity  of  reviewing  and 
commenting  upon  this  report. 

Sincerely  yours, 

Nelson  Lee  Smith, 

Chairman . 


LETTER  FROM  THE  SECRETARY  OF  AGRICULTURE  TO  THE 
SECRETARY  OF  THE  INTERIOR 


Department  of  Agriculture, 

Office  of  the  Secretary, 
Washington,  D.  C.,  September  9,  1949. 
The  honorable  the  Secretary  of  the  Interior. 

Dear  Mr.  Secretary:  I am  replying  to  your  letter  of  August  4 
commenting  on  the  report,  MissourijBasin  Agricultural  Program.  I 
am  directing  your  attention  to  the  points  of  agreement  and  to  the 
modifications  or  amendments  which  we  are  making  in  the  report  as 
a result  of  your  constructive  suggestions.  I am  also  making  certain 
explanations  to  clarify  questions  you  have  raised.  Certain  issues 
which  you  have  raised  regarding  appropriate  functions  for  this  De- 
partment to  perform  are  not  subject  to  resolution  by  simply  dropping 
the  proposals  from  the  report. 

In  regard  to  your  question  about  the  relationship  of  the  benefits  of 
the  proposed  program  to  its  cost,  it  needs  to  be  made  perfectly  clear 
that  the  proposed  land-treatment  and  conservation  measures  would 
be  installed  in  any  event  under  existing  authorizations  and  programs. 
As  pointed  out  in  the  report,  I am  proposing  an  acceleration  in  the 
installation  of  these  measures,  which  have  been  proved  economically 
sound  by  experience  of  the  Department  of  Agriculture  and  the  farmers 
and  ranchers  in  the  basin,  so  that  complete  treatment  might  be 
achieved  in  30  years  rather  than  in  the  hundred  or  more  years  that 
would  be  otherwise  required.  The  desirability  of  these  programs  is 
so  well  established  in  national  policy  and  congressional  action  that  I 
can  see  no  good  purpose  being  served  by  the  added  work  involved  in 
computing  and  including  their  benefits  and  costs  in  the  report. 

Under  the  proposed  schedule  of  installations,  the  land  program  will 
be  brought  into  step  with  the  work  schedule  of  the  Bureau  of  Reclama- 
tion and  the  Corps  of  Engineers,  and  consequently  the  benefits  from 
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all  of  these  programs  will  be  enhanced.  Your  letter  recognizes  the 
desirability  of  thus  accelerating  the  watershed-treatment  programs. 

In  the  case  of  the  work  proposed  for  stabilization  of  small  water- 
courses, authorization  is  requested  for  only  the  initial  stage  which  I 
have  found  feasible.  While  a mathematical  benefit-cost  ratio  has  not 
been  presented  in  this  report,  the  Department  of  Agriculture  has  care- 
fully considered  the  cost  of  the  program  and  the  expected  benefits, 
and  it  is  my  judgment  that  the  benefits  exceed  the  cost.  To  assure 
that  all  expenditures  shall  result  in  benefits  exceeding  costs,  arrange- 
ments are  being  made  with  the  Bureau  of  the  Budget  for  the  provision 
of  economic  evaluations  of  individual  works  or  related  groups  of 
works  at  the  time  detailed  plans  are  prepared  which  will  be  placed  before 
appropriations  committees  of  the  Congress  at  the  time  appropriations 
are  sought  under  the  requested  authorization.  Later  authorizations 
will  be  requested  on  the  basis  of  a showing  of  economic  justification 
and  detailed  plans  which  will  be  submitted  as  the  work  progresses. 
Here,  too,  the  recommended  acceleration  of  program  installation  is  a 
factor  of  major  importance  in  the  earlier  realization  of  large  benefits 
from  flood  control  and  the  reduction  of  sedimentation  damage  to 
valuable  downstream  structures. 

I agree  completely  with  your  observation  that  experience  has  shown 
that  conservation  practices  will  produce  high  on-site  returns.  Such 
practices  also  contribute  in  a major  way  to  off-site  benefits  in  the 
form  of  reduced  sediment  damage  to  reservoirs,  reduction  in  flood- 
water  damages,  and  regulation  of  stream  flow.  As  you  have  pointed 
out  and  as  pointed  out  in  the  report,  the  application  of  these  measures 
rests  largely  in  the  voluntary  cooperation  of  land  owners  and  operators. 
For  that  reason,  the  program  we  are  recommending  provides  for 
enlisting  the  cooperation  of  farmers  and  ranchers,  for  hastening  instal- 
lation of  these  measures  through  the  use  of  technical  services  to 
individual  farmers,  through  direct  aids  to  farmers  and  ranchers  to 
share  a portion  of  the  cost  of  installing  these  measures,  through  special 
educational  programs  to  increase  informed  participation,  through 
special  credit  to  finance  the  work,  and  through  research  to  improve 
techniques. 

Your  letter,  by  inference,  indicates  that  the  execution  of  many  of 
the  conservation  practices  will  be  difficult  to  accomplish  because  of 
failure  of  individual  farmers  to  cooperate.  For  many  generations  the 
Department  of  Agriculture  has  been  cooperating  with  farmers  in. 
carrying  put  improvements  in  agricultural  programs  and  practices. 
For  the  past  decade  and  a half  it  has  been  carrying  out  intensified 
programs  of  conservation  with  individual  farmers  on  a voluntary 
cooperation  basis.  The  estimates  of  the  rate  of  execution  shown  in 
the  report  are  based  on  this  experience,  and  we  are  confident  that, 
barring  an  unprecedented  economic  collapse,  the  rate  of  progress  pro- 
posed can  be  maintained  throughout  the  life  of  the  program. 

I agree  with  your  statement  that  the  justification  of  the  proposed 
investments  on  the  forest  lands  rests  upon  their  watershed,  wildlife, 
and  recreational  values  as  well  as  commercial  use  of  timber  and  forage. 
On  some  of  the  forested  headwaters  of  the  Missouri  River,  watershed 
and  recreational  values  are  certainly  of  more  inportance  than  com- 
mercial use  of  timber  and  forage.  Recent  studies  indicate  that,  for 
the  country  as  a whole,  the  lion’s  share  of  all  national-forest  values 
may  be  attributed  to  their  function  as  watersheds,  and  that  their 
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recreational  and  wildlife  resources,  which  yield  practically  no  mone- 
tary return,  may  be  appraised  at  about  the  same  value  as  timber  and 
range  use. 

Your  concern  for  the  magnitude  of  the  proposed  investment  in  the 
forest  and  forest  range  land  program  should  be  dispelled  by  examina- 
tion of  its  major  elements.  About  one-third  ($331,000,000)  of  the 
total  is  for  shelter  belt,  windbreak,  and  other  protective  tree  plant- 
ing, the  benefit  of  which  has  been  clearly  demonstrated  by  experience. 
Most  of  it  accrues  in  better  crops  and  better  living  on  adjacent  lands. 
Administrative  improvements  on  public  lands,  chiefly  national-forest 
road  construction,  account  for  another  20  percent  ($195,000,000). 
The  cost  of  timber  access  roads,  which  contribute  the  bulk  of  this 
item,  is  reflected  in  increased  stumpage  value  for  the  timber  which 
will  be  hauled  to  market  over  them.  They  are  clearly  self -liquidating. 
Another  $55,000,000  is  for  land  purchase.  Thus,  of  the  $1,000,000,000 
total,  some  $581,000,000  are  not  comparable  to  estimates  for  the 
cropland  program.  The  balance  of  $418,000,000  averages  only  about 
35  cents  per  acre  per  year. 

Table  21  was  included  in  the  report  in  order  to  present  a well- 
rounded  picture  to  Congress,  although  we  recognized  that  the  esti- 
mates were  incomplete.  In  the  light  of  your  letter,  we  are  agreeable 
to  the  omission  of  table  21  and  the  substitution  of  an  appropriate 
explanation.  In  this  connection,  I wish  to  point  out  (a)  that  the 
estimates  for  forest  woodland  and  brushland  in  table  21  were  based 
on  estimates  of  the  work  load  per  acre  for  comparable  lands  in  na- 
tional forests,  (6)  that  the  work  on  Indian  lands  under  lease  is  included 
elsewhere  in  the  report  in  the  crop  and  grass  land  program  on  the 
same  basis  as  any  other  lands,  and  (c)  that  flood-control  measures 
(split  between  the  crop  and  grass  land  program  and  watercourse 
stabilization)  were  not  broken  down  by  ownership  and  are  also 
covered  in  other  parts  of  the  report.  Thus,  Department  of  the 
Interior  lands  were  fully  covered  in  this  aspect  of  the  program  along 
with  all  other  lands. 

In  order  to  keep  the  record  straight,  I also  wish  to  point  out  that 
there  is  little  significance  to  an  over-all  comparison  of  proposed 
expenditures  per  acre  on  national  forest  and  Interior  Department 
lands,  because  the  two  groups  of  properties  vary  so  widely  in  char- 
acter and  need.  For  example,  over  one-half  of  the  proposed  invest- 
ment on  national  forests  is  for  administrative  improvements,  chiefly 
roads.  Viewing  Department  of  the  Interior  lands  as  a whole,  the 
need  for  such  improvements  is  by  no  means  comparable.  Similarly, 
the  recreational  improvement  program  would  necessarily  be  much 
larger  on  the  national  forests  than  on  the  Department  of  the  Interior 
lands  taken  as  a whole. 

The  inventory  of  the  need  for  stock-water  ponds  and  the  deter- 
mination of  their  value  is  based  on  experience  over  many  years  by 
technicians  capable  of  appraising  the  most  productive  use  of  water 
to  agriculture.  I am  sure  that  a word  of  explanation  about  the  pro- 
posed location  of  the  407,000  farm  ponds  and  the  use  of  the  water  in 
them  will  allay  your  fears  and  those  of  your  staff  about  possible - 
unproductive  use  of  water.  Good  land  management  and  good  live- 
stock management  demand  ample  and  properly  spaced  stock-water 
supplies.  Millions  of  acres  of  range  lands  cannot  be  served  by  wells 
and  would  be  virtually  useless,  without  stock-water  ponds.  Some  of 
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these  ponds  are  also  the  only  source  of  domestic  water  for  ranch 
homes. 

The  inventory  that  provides  the  basis  for  the  summary  figures  in- 
cluded in  the  report  shows  that  only  138,500  of  the  407,000  farm 
ponds  (with  only  20  percent  of  the  total  storage  capacity)  will  be 
located  in  watersheds  above  areas  now  irrigated  or  proposed  for  irri- 
gation. The  storage  capacity  of  these  138,500  ponds  is  estimated 
at  831,000  acre-feet.  About  two-thirds  of  this  amount  of  water 
would  be  used  by  livestock  and  lost  through  evaporation  each  year. 
This  annual  consumptive  use  of  554,000  acre-feet  of  water,  amount- 
ing to  only  3.5  acre-feet  for  each  640  acres,  will  directly  affect  the 
efficient  use  of  more  than  100,000,000  acres  of  grazing  land. 

The  Department  of  Agriculture  recognizes  responsibility  to  all 
farmers  and  ranchers  in  helping  to  make  the  most  beneficial  use  of 
all  water  under  the  individual  State  laws  governing  its  use.  The 
adoption  of  water-conservation  measures  by  farmers  and  ranchers  is 
now  a major  factor  in  insuring  against  the  hazards  of  drought.  These 
measures  include  not  only  irrigation  but  also  farm  ponds,  stubble 
mulch,  contour  stripping,  field  stripping,  water  spreading,  shelter 
belts,  and  other  practices  which  increase  absorption  and  infiltration 
of  water.  Ponds  also  offer  considerable  benefit  to  the  migratory 
bird  life  of  the  area  and  add  to  the  fishing  and  recreational  facilities. 
No  valid  argument  can  be  used  against  these  productive  uses  of 
water  on  the  land  where  the  rain  falls.  Expansion  of  these  practices, 
which  will  go  forward  whether  or  not  this  report  is  approved,  will  be 
encouraged  through  this  agricultural  program. 

It  is  also  worth  mentioning  that  much  of  the  tree  planting  envis- 
aged in  the  program  will  serve  to  increase  rather  than  decrease  the 
supply  of  water  available  for  use.  Shelter  belts  and  windbreaks,  for 
example,  reduce  wind  movement,  and  so  reduce  water  losses  through 
evaporation  from  the  surface  and  transpiration  from  crops  on  ad- 
jacent lands.  They  serve  to  hold  snow  and  thus  add  to  the  ground- 
water  supply.  Whether  or  not  they  significantly  affect  stream  flow, 
such  beneficial  influences  should  take  priority  over  downstream  use. 
Judiciously  located  plantings  on  denuded  lands,  especially  at  high 
altitudes,  prolong  the  period  of  snow  melt,  reduce  damaging  floods, 
increase  infiltration  and  ground-water  supplies,  and  extend  the  period 
of  beneficial  flow  of  streams  watering  agricultural  lands  below  them. 

The  Department  of  Agriculture  cannot  default  on  the  responsibility 
and  obligations  to  all  farmers  with  respect  to  improvements  of  the 
Nation’s  agriculture.  The  Department  also  recognizes  the  responsi- 
bility of  the  Department  of  the  Interior  under  the  various  reclama- 
tion laws  to  determine  the  feasibility  of  irrigation  projects  and  to 
carry  out  the  construction  of  projects  authorized  by  Congress.  Both 
Departments  have  responsibilities  which  I fully  recognize,  and  I 
assure  you  that  our  program  does  not  provide  for  shifting  authoriza- 
tion vested  in  the  Bureau  of  Reclamation  to  the  Department  of  Agri- 
culture. Neither  does  the  agricultural  proposal  involve  infractions 
of  existing  reclamation  laws.  I am,  therefore,  recommending  in  my 
revised  report  to  the  Bureau  of  the  Budget  that  the  irrigation  phases 
of  the  program  be  improved  and  implemented.  I am  offering  you  my 
full  cooperation  in  carrying  out  this  program  along  the  lines  of  the 
recommendations  made  by  the  Director  of  the  Bureau  of  the  Budget  in 
his  proposal  submitted  to  our  two  Departments  on  August  3,  1949. 
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With  respect  to  existing  irrigation  in  projects  developed  without 
the  assistance  of  the  Bureau  of  Keclamation,  which  involves  88  per- 
cent of  the  lands  now  irrigated  in  the  basin,  the  Department  of 
Agriculture  proposes  to  provide  services  outlined  in  the  report.  The 
Department  of  Agriculture  and  the  agricultural  colleges  have  for 
many  years  provided  the  only  special  irrigation  service  available  to 
irrigation  farmers  in  these  projects.  We  acknowledge  that  this  service 
has  been  incomplete  and  inadequate.  We  are,  therefore,  proposing 
in  the  agricultural  plan  for  the  Missouri  Basin  that  this  phase  of  the 
work  be  put  on  a basis  so  that  more  adequate  service  can  be  rendered 
to  these  irrigated  areas. 

The  Department  of  Agriculture  shares  your  concern  that  the  drain- 
age proposed  in  this  program  shall  not  adversely  affect  the  wildlife 
habitat  unless  other  benefits  clearly  outweigh  these  uses.  In  recom- 
mending the  drainage  program,  the  Department  of  Agriculture  took 
into  account  the  fact  that  certain  lands  are  more  suitable  for  wildlife 
habitat.  In  such  instances  it  would  be  the  policy  of  the  Department 
of  Agriculture  not  to  authorize  technical  services  or  direct  aids  to 
farmers  in  carrying  out  ill-advised  or  uneconomic  drainage.  We 
have  stated  in  the  report  that  assistance  to  farmers  and  to  drainage 
districts  would  be  provided  in  areas  which  have  been  delineated  in 
cooperation  with  the_  Fish  and  Wildlife  Service  and  other  State 
agencies  concerned.  We  shall  amend  this  statement  to  include  pro- 
visions for  agreement  with  the  Fish  and  Wildlife  Service.  I appreciate 
your  assurance  that  the  services  of  the  Department  of  the  Interior 
are  available  in  planning  and  carrying  out  this  program,  and  I assure 
you  that  the  Department  of  Agriculture  welcomes  this  cooperation. 

I am  completely  in  agreement  with  your  statement  regarding  the 
responsibility  of  the  Department  of  the  Interior  for  obtaining  hydro- 
logical,  topographic,  and  geological  data  necessary  to  the  successful 
prosecution  of  the  program.  I appreciate  the  desire  of  the  Geological 
Survey  to  cooperate  in  planning  its  work  so  as  to  meet  the  needs  of  the 
Department  of  Agriculture  in  the  Missouri  Basin,  and  I assure  you  the 
Department  of  Agriculture  will  make  full  use  of  the  cooperation  offered 
by  the  Geological  Survey. 

The  agricultural  program  I am  recommending  is  designed  to  author- 
ize the  functions  specifically  set  forth  in  the  report.  Administration 
of  these  programs  within  the  Department  of  Agriculture  will  be  as- 
signed as  the  work  goes  forward  to  appropriate  administrative  agencies 
within  the  Department  on  the  basis  of  current  administrative  arrange- 
ments which  will  be  reflected  in  annual  work  plans  which  I shall  sub- 
mit to  Congress.  Over  the  30-year  period  of  the  life  of  this  program, 
administrative  agencies  may  change.  Hence  it  would  be  inappropriate 
to  name  specific  agencies  in  this  authorizing  document. 

I appreciate  that  your  Department  has  given  much  time  to  the  re- 
view of  this  report.  I hope  that  the  explanations  herein  to  your  spe- 
cific questions  and  revisions  in  the  report,  together  with  the  offer  of 
complete  cooperation  as  recommended  by  the  Director  of  the  Bureau 
of  the  Budget,  will  provide  the  basis  for  your  whole-hearted  support 
of  the  Missouri  Basin  agricultural  program. 

Sincerely, 


Charles  F.  Brannan, 

Secretary. 


97546—49- 


-2 


MISSOURI  RIVER  BASIN 
AGRICULTURAL  PROGRAM 


A PROGRAM  RECOMMENDED  BY  SECRETARY  OF 
AGRICULTURE  CHARLES  F.  BRANNAN  FOR  THE 
DEVELOPMENT  AND  CONSERVATION  OF  LAND, 
WATER,  AND  FOREST  RESOURCES,  AND  FOR 
FLOOD  CONTROL  IN  THE  MISSOURI  RIVER  BASIN 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
APRIL  1949 

(Revised  August  1949) 


15 


: . lUTlIU'  > iO /: 

...  .TV:  . lO.L'JV:  « | 

rasHO'-i  cv/j,  : 

■:  . . :Ti:w'i  <,<HU  • I 


FOREWORD  AND  SUMMARY 


Nearly  2 years  ago,  President  Truman,  in  a message  to  the  Congress, 
declared  that  “the  major  opportunity  to  increase  the  wealth  of  the 
Nation  lies  in  the  development  of  the  great  river  systems.” 

We  can  find  no  better  example  of  this  truth  than  the  great  basin  of 
the  Missouri  River — the  country’s  largest  single  river.  Its  waters 
flow  from  10  States  and  drain  one-sixth  of  the  country’s  total  land 
area,  one-fourth  of  its  farm  land. 

Most  surely  the  wealth  of  the  Nation  will  grow  with  the  develop- 
ment of  the  Missouri  Basin.  But  its  development  is  equally  imperative 
if  we  are  to  preserve  the  resources  with  which  the  basin  is  richly 
endowed  and  assure  their  full  employment  for  the  continuing  good  of 
the  people. 

These  are  the  goal  and  the  challenge  to  which  we,  as  a Nation,  must 
devote  the  full  measure  of  our  skill  and  our  energy  with  enough  money 
to  accomplish  the  task.  The  first  essential  is  a plan.  This  is  to  be 
found  in  detail  in  the  report,  Missouri  River  Basin  Agricultural 
Program. 

This  report  was  prepared  by  the  Department  of  Agriculture  with 
the  assistance  of  the  State  agricultural  and  forestry  agencies.  The 
Missouri  River  States  Committee,  consisting  of  the  governors  of  the 
10  basin  States,  advocated  the  planning  effort  and  encouraged  the 
participating  agencies  in  many  ways.  The  Missouri  Basin  Interagency 
Committee  also  strongly  urged  the  preparation  of  the  report  and  upon 
its  completion  recommended  that  the  Congress  take  the  necessary 
steps  to  put  the  proposed  program  into  effect. 

The  report  is  a new  and  outstanding  landmark  in  planning  for  the 
continuous  development,  conservation,  and  use  of  our  assets  in  land, 
water,  and  forests.  But  it  is  even  more  noteworthy  for  its  recognition 
of  the  responsibilities  and  the  needs  of  the  people  of  the  Missouri 
Basin  and  their  State  governments  and  institutions.  Progress  and 
success  will  reward  our  efforts  in  direct  proportion  to  the  cooperative 
effort  we  enlist  in  the  proper  management  of  our  land  resources.  This 
is  one  of  the  principles  upon  which  the  program  is  founded. 

A stable  foundation  for  agriculture  in  all  its  aspects  in  a region 
where  drought  is  an  unusually  high  risk  in  farming  is,  of  course,  a 
primary  target  of  the  program.  But  it  is  also  designed  in  all  its  parts 
to  contribute  to  flood  control  in  all  the  major  and  minor  valleys  of 
the  basin.  Better  water  supplies,  an  enlarged  and  sustained  lumbering 
industry,  and  new  and  better  opportunities  for  recreation  are  a few 
of  the  program’s  many  other  goals  and  serve  to  illustrate  its  scope. 

By  its  careful  design,  the  program  will  enlarge  the  wealth  of  bene- 
fits the  Nation  rightly  expects  from  our  increasingly  large  investment 
of  public  money  in  dams,  reservoirs,  and  other  huge  engineering  works 
in  the  basin.  The  agricultural  program  will  protect  these  works  and 
give  them  longer  life,  and  at  the  same  time,  aid  farmers  and  farm 
families  in  using  the  expected  benefits  to  better  advantage.  But  the 
program  is  more  than  an  insurance  policy  on  the  engineering  plan 
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incorporated  in  the  Flood  Control  Act  of  1944.  Full-fledged  develop- 
ment in  all  parts  of  the  basin  is  the  Nation’s  guaranty  that  we  are 
combating  the  loss  and  ruin  of  our  natural  resources  wherever  they 
are  endangered. 

The  key  to  the  most  advantageous  sustained  use  of  the  resources 
of  the  basin  is  its  climate.  Our  experience  in  the  basin  runs  for  a 
little  more  than  a century.  Three  times  within  this  period  severe  and 
prolonged  droughts  have  afflicted  the  region.  The  first  came  before 
the  days  of  settlement.  But  the  others  have  left  an  imprint  on  the 
land  and  in  our  history.  Ruined  resources  are  one  measure  of  the 
price  we  have  paid  for  unwise  land  uses  which  intensify  the  impact  of 
the  extreme  fluctuations  in  the  weather.  Another  is  to  be  found  in 
the  human  hardships  inflicted  by  a barren  land.  These  great  droughts 
have  been  spaced  30  to  40  or  more  years  apart,  but  the  intervening 
spans  have  often  been  marked  by  shorter  periods  of  bad  weather. 

The  good  weather  the  basin  has  enjoyed  for  nearly  a decade  has 
been  the  Nation’s  good  fortune  as  well  as  the  basin’s.  The  span 
coincided  with  our  success  in  the  Second  World  War,  and  the  basin 
unsparingly  contributed  its  bounty  to  our  war  effort.  But,  if  the 
drought  of  the  1930’s  had  been  prolonged  a few  more  years,  the 
Missouri  Basin  would  have  been  incapable  of  giving  its  support  to 
the  rest  of  the  Nation. 

Unwise  management  of  land  and  poor  land  and  cropping  practices 
are  common  throughout  the  basin.  These  are  in  part  concealed  and 
in  part  encouraged  by  the  blessing  of  good  weather.  As  a result, 
deterioration  goes  on  largely  unchecked  and  the  basin  is  becoming 
increasingly  vulnerable  to  the  unpredictable  advent  of  another  great 
drought.  We  should  be  using  the  good  years  to  prepare  for  the  bad. 

The  agricultural  program  will  enable  the  people  of  the  basin  to  take 
advantage  of  the  present  opportunity  to  arrest  erosion  and  end  deple- 
tion, to  develop  and  improve  their  resources  in  land  and  forests,  to 
employ  them  in  full,  and  to  enjoy  their  benefits  in  better  and  more 
secure  living.  Whether  we  conserve  and  use  our  resources  in  this 
rewarding  manner  will  be  determined  ultimately  and  with  finality  by 
what  the  people  themselves  do  with  their  land.  This  is  particularly 
true  in  the  Missouri  Basin  where  79  percent  of  the  land  is  privately 
owned. 

In  its  design  and  its  operating  principles,  the  program  recognizes 
that  its  success  will  be  determined  in  the  end  by  the  ability  and  the 
capacity  of  farmers  and  landowners  to  fulfill  their  responsibilities  in 
land  management.  The  program  recognizes  that  the  Government  does 
not  operate  directly  on  land  in  private  hands  except  by  agreement 
with  landowners.  But  the  program  also  recognizes  that  all  farmers 
and  landowners,  by  and  large,  are  willing  to  apply  the  best  in  practical 
land  treatment — not  only  because  it  assures  conservation  of  our  re- 
sources, but  also  because  it  enriches  productivity  and  contributes  to 
security  in  land  values. 

These  principles  have  guided  the  preparation  of  the  program.  As 
a result,  we  are  confident  that  it  will  have  at  its  command  the  volun- 
tary support  and  cooperation  of  farmers,  landowners,  farm  groups 
and  organizations,  and  the  State  governments  of  the  basin.  Without 
their  participation,  this  program,  or  any  other  plan,  would  be  largely 
worthless. 

The  program  is  truly  novel  in  its  magnitude,  but  the  principles  and 
measures  it  recommends,  and  eventually  will  apply  throughout  the 
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basin,  are  familiar  and  time-tested.  The  program  offers  no  startling 
innovation  in  land  use  or  in  the  Department’s  logical  and  usual  role 
in  conserving  our  land  resources  and  controlling  the  flow  of  water. 
The  body  of  the  program  represents  numerous  functions,  services, 
activities,  and  direct  undertakings  which  the  Department  already 
has  underway  in  some  measure  in  the  basin  and,  to  the  extent  to 
which  they  are  appropriate,  everywhere  in  the  United  States.  The 
unique  qualities  of  the  program  are  to  be  found  in  its  coordination  of 
land  management  for  conservation  and  flood  control,  in  its  integra- 
tion of  diversified  services  in  order  to  achieve  a common  goal,  and  in 
its  recommendations,  for  a much  swifter  pace  in  conservation  and 
the  adoption  of  constructive  land  management. 

Even  with  this  acceleration,  at  least  30  years  will  be  needed  to 
complete  the  task.  At  the  present  rate  of  progress,  however,  the 
desirable  results  may  be  delayed  for  as  long  as  a century,  if,  in  fact, 
we  are  able  to  realize  them  at  all. 

The  program  will  go  forward  on  five  major  operating  fronts.  These 
are: 

1.  Conservation  and  improvement  measures  on  grassland  and  crop- 
land.— Here  the  program  is  designed  to  reach  all  the  582,000  farmers 
and  ranchers  in  the  basin.  The  goal,  reduced  to  its  simplest  terms, 
is  the  application  of  good  land  management  and  conservation  practices 
to  the  basin’s  282,000,000  acres  in  farms  and  ranches.  Such  a pro- 
gram will  stabilize  and  increase  production,  reduce  erosion  and  sedi- 
ment damage,  abate  floods,  and  produce  many  other  kinds  of  bene- 
fits. It  is,  therefore,  a truly  multiple-purpose  program. 

2.  Forests  and  forest  ranges. — Here  the  program  will  be  concerned 
with  the  development  and  management  and  use  of  the  resources  in 
public  lands  as  well  as  those  in  private  ownership.  Federal  agencies 
are  responsible  for  nearly  80  percent  of  the  72,000,000  acres  in  public 
ownership.  These  Federal  forest  lands  found  largely  in  the  western 
reaches  of  the  basin,  especially  in  the  Rocky  Mountains,  are  the 
source  of  a substantial  share  of  the  water  which  flows  through  the 
States  of  the  upper  watershed  and  the  Western  Plains.  This  imposes 
upon  the  Federal  Government  the  responsibility  to  accelerate  conser- 
vation and  flood  control  to  the  same  degree  that  private  owners  will 
be  requested  to  do  so  elsewhere  in  order  to  secure  the  maximum  control 
of  floods  and  sediment  at  their  source.  The  development  of  the  public 
lands  will  prove  of  direct  material  value  to  the  livestock,  lumbering, 
and  recreation  industries  of  the  basin. 

On  private  woodlands  the  program  aims  to  help  landowners  and 
operators  put  into  effect  management  and  conservation  practices  that 
insure  sustained  profitable  use  while  at  the  same  time  reducing  run-off, 
erosion,  and  sediment,  and,  in  other  ways  benefiting  the  basin  and  the 
Nation. 

3.  Stabilizing  measures  for  small  water  courses. — Here  the  program 
will  assure  the  safe  disposal  of  water  in  small  watersheds  and  the  lesser 
tributary  streams.  This  will  contribute  to  flood  control,  to  the 
protection  of  the  public  investment  in  large  flood-control  works,  and 
to  the  protection  of  lands  being  destroyed  by  major  gullies,  bank 
cutting,  and  sedimentation.  The  program  contemplates  the  con- 
struction of  gully  control  structures,  floodways,  bank  protection 
works,  and  small  retarding  basins. 

4.  Irrigation. — Here  the  program  will  aid  in  increasing  by  times 
the  basin’s  irrigated  farm  land.  At  present,  about  5,000,000  acres 
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are  irrigated.  The  projects  of  the  Bureau  of  Reclamation  of  the 
Department  of  the  Interior  will  provide  water  for  another  5,000,000 
acres  in  new  irrigation,  and  supplemental  water  for  1,500,000  acres  in 
existing  irrigation  districts.  Another  1,000,000  acres  will,  it  is  antici- 
pated, be  irrigated  with  water  from  other  sources.  This  will  eventu- 
ally give  the  basin  12,500,000  acres  in  irrigation.  The  number  of 
irrigated  farms  will  be  increased  from  about  38,000  to  upward  of 
75,000  and  will  then  represent  about  12.5  percent  of  the  farms  in  the 
basin.  Acute  land  use  and  farm  management  problems,  however, 
are  present  in  the  development  of  irrigation  projects,  especially  in 
the  transition  from  dryland  farming.  The  proposed  program  will 
help  farmers  solve  these  problems.  And  it  will  help  them  combat 
the  soil  deterioration  that  too  often  accompanies  irrigation. 

5.  Drainage. — Here  the  program  will  help  farmers  renew  the  use- 
fulness of  impaired  drainage  systems  and  improve  drainage  on  lands 
not  now  used  to  the  best  advantage.  The  program  is  essential, 
moreover,  to  assure  adequate  drainage  systems  for  nearly  1,500,000 
acres  of  land  which  will  be  relieved  of  the  menace  of  periodic  flooding 
upon  completion  of  the  levee  system  being  built  by  the  Corps  of 
Engineers  along  the  Missouri  River  below  Sioux  City,  Iowa.  The 
highest  use  of  certain  wet  lands  is  as  a habitat  for  wildlife.  Coopera- 
tion with  wildlife  agencies  will  insure  that  such  lands  remain  in  that 
use. 

The  program  will  be  accomplished,  in  the  main,  by  encouraging 
farmers  and  private  owners  to  protect  their  land  from  erosion  and 
depletion  and  to  operate  their  farms  and  ranches  so  as  to  withstand 
the  punishment  adverse  weather  inflicts  oil  land  and  people.  In 
making  and  applying  practical  conservation  plans,  farmers,  ranchers, 
and  landowners  will  have  available  to  them  the  best  technical  assist- 
ance the  Federal  and  State  agencies  can  furnish. 

In  addition,  farmers,  ranchers,  and  landowners  will  be  reimbursed 
in  part  for  the  cost  of  the  initial  installation  and  application  of  those 
practices.  This  employment  of  public  funds  recognizes  that  many 
benefits  accrue  directly  to  the  public  from  these  installations  and 
practices.  Among  these  benefits  are  conserved  resources,  flood 
control,  better  water  supplies,  enhanced  recreational  opportunities, 
and  the  reduced  need  for  public  assistance  in  the  event  of  adverse 
weather.  In  some  instances,  moreover,  new  installations  and  prac- 
tices require  major  adjustments  in  farm  operations  and  the  temporary 
loss  of  farm  income.  For  these  reasons,  the  public  should  share  first 
costs  in  the  appropriate  degree.  This  practice  is  now  employed 
throughout  the  United  States.  Under  the  program  proposed  for  the 
Missouri  Basin,  the  practices  would  be  accelerated  in  keeping  with 
the  urgency  of  the  problems  of  conservation  and  land  use  in  the 
basin  and  to  aid  in  its  full-scale  development. 

But  the  program  provides  still  other  means  to  establish  good  land 
management  in  the  basin.  Intensified  extension  education,  rural 
electrification,  and  research  will  give  their  essential  support  to  the 
program. 

Special  credit  resources  are  required  to  supplement  private  credit 
agencies  in  view  of  the  expectation  that  farmers,  ranchers,  and  land 
owners  will  invest  $3  to  $4  for  every  dollar  of  Federal  funds  expended 
for  conservation.  The  increased  availability  of  public  credit  is  recom- 
mended with  the  understanding  that  the  use  of  commercial  credit 
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sources  will  be  encouraged  in  operating  the  program.  In  any  event, 
expanded  credit  facilities  are  essential  to  the  development  and  im- 
provement of  irrigation  and  drainage  systems  which  often  require 
types  of  credit  unavailable  from  private  lenders. 

Another  essential  supporting  service  is  the  complete  survey  of  the 
soils  of  the  basin  and  the  classification  of  its  land.  This  information 
will  assure  the  employment  of  lands  in  their  best  adapted  uses.  It  is 
imperative  to  the  extension  of  irrigation  and  drainage  systems.  This 
soils  information,  it  is  worth  noting,  has  a continuing  value  far 
beyond  its  usefulness  in  this  program. 

With  these  supporting  efforts  in  research,  electrification,  credit, 
and  extension  education,  the  program  represents  a unified  agricul- 
tural approach  to  the  development  of  river  basins  in  America.  Con- 
servation, flood  control,  land  management,  and  the  general  develop- 
ment of  agriculture  are  in  essence  the  same  from  this  approach,  and 
they  cannot  be  treated  in  fractions  and  in  fragments  with  any  genuine 
hope  of  complete  and  permanent  success.  This  is  implicit  in  the 
program  which,  of  necessity,  treats  land  and  water  as  the  inseparable 
elements  of  our  agricultural  resources 

The  dimensions  of  the  program,  however,  are  best  illustrated  by 
the  major  achievements  to  be  expected  at  the  end  of  30  years  of 
accelerated  effort. 

Improved  land  management,  for  instance,  is  advisable  on  a large 
part  of  the  basin’s  113,000,000  acres  of  cropland  to  assure  their 
employment  in  the  best  adapted  uses,  to  control  erosion  and  halt 
depletion,  and  to  retard  floodwaters  at  their  very  source. 

This  means  the  seeding  of  grass  and  legumes  on  20,000,000  acres 
where  continuous  cultivation  is  depleting  fertility  and  accelerating 
erosion.  This,  in  turn,  means  more  and  larger  livestock  enterprises 
in  the  basin. 

Green  manure  and  cover  crops  are  needed  every  year  to  protect 
13,000,000  acres  of  barren  cropland  from  wind  and  water  erosion  as 
well  as  to  add  to  the  soil’s  fertility. 

Stubble  mulching  is  needed  yearly  to  increase  the  amount  of  water 
absorbed  by  34,000,000  acres  of  grain  land  and  to  prevent  wind  and 
water  erosion  from  carrying  away  the  soil. 

Strip  cropping  and  contour  farming  systems  are  needed  on 
63,500,000  acres  for  similar  reasons. 

These  various  practices,  some  of  which  are  applicable  on  the  same 
land,  must  be  fortified  with  1,900,000  miles  of  terraces  to  retain  water 
or  to  dispose  of  it  in  safety. 

Similarly  complete  treatment  is  needed  on  the  basin’s  157,500,000 
acres  of  privately  owned  range  and  pasture  land.  This  includes 
reseeding  17,500,000  acres  with  grass  and  legumes,  adjusting  livestock 
to  carrying  capacity  on  117,300,000  acres,  and  the  use  of  seasonal 
grazing  on  7,700,000  acres. 

The  full  development  of  potential  stock-water  supplies  is  essential 
to  the  uniform  use  of  grazing,  better  growth  of  grass  and  legumes,  and 
less  erosion.  This  means  the  construction,  improvement,  and  use  of 
more  than  400,000  new  ponds,  33,000  springs  and  seeps,  and  78,000 
wells  for  water.  In  addition,  the  program  contemplates  the  installa- 
tion of  65,000  miles  of  new  fence,  2,000  miles  of  new  cattle  trails,  and 
fire-protection  measures. 
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Forests  and  forest  ranges  are  resources  with  many  uses — for  timber, 
for  grazing,  for  recreation  and  wildlife,  and  for  the  protection  of  water 
supplies.  The  program  is  designed  to  improve  the  forests  and  the 
ranges  so  as  to  achieve  the  maximum  total  benefit.  Tree  planting,  for 
instance,  is  contemplated  on  5,000,000  acres  of  forests  and  the  reseed- 
ing of  400,000  acres  of  forest  range.  New  roads  are  planned  to  permit 
lumbermen  to  harvest  mature  stands  in  inaccessible  regions  of  the 
Rocky  Mountains.  The  program  contemplates  the  construction  of 
lookout  towers,  roads,  trails,  and  fire-crew  stations  to  provide  for  more 
intensive  fire  protection.  In  addition,  it  provides  for  the  planting  of 
more  than  2,500,000  acres  of  shelter  belts  and  windbreaks  to  conserve 
moisture,  check  wind  erosion,  and  protect  crops,  livestock,  and 
farmsteads. 

The  stabilization  of  small  water  courses,  the  third  major  aspect  of 
the  program,  will  reinforce  land-use  practices  and  treatments  designed 
to  hold  water  on  the  land  and  ease  it  forward  to  main  stream  channels 
without  overflow.  These  stabilization  measures  are  of  greatest  im- 
portance in  meeting  the  challenge  of  rains  of  high  intensity  and  high 
frequency,  flash  floods,  and  rapid  snow  melting. 

Between  14,000  and  16,000  small  upstream  dams  are  planned  along 
with  400  to  600  desilting  and  debris  basins.  The  dams  will  provide 
temporary  storage  for  4,800,000  acre-feet  of  water  distributed  through- 
out the  basin.  This  water  will  not  be  permanently  retained.  It  will 
be  passed  on  to  the  lower  reaches  over  a period  of  several  days,  rather 
than  as  a flash  flood  of  but  a few  hours’  duration. 

Additional  stabilization  measures  include  4,500  to  5,500  miles  of 
minor  floodways,  10,000  to  12,000  miles  of  small  stream  channel  im- 
provements, and  60,000  to  70,000  miles  of  diversion  ditches  and  dikes 
to  route  floodwater  from  eroded  land  and  terraced  fields. 

The  cost  to  the  Federal  Government  of  installing  the  entire  recom- 
mended program  is  estimated  at  $3,063,167,000.  Additional  costs 
will  be  necessary  on  the  part  of  State  and  local  governments  estimated 
at  $428,267,000  and  by  landowners  and  operators  to  the  extent  of 
$4,995,623,000.  The  estimated  cost  from  all  sources  of  installing 
the  recommended  program  is  $8,487,057,000  over  a 30-year  period. 
The  distribution  of  this  cost  among  the  operating  and  supporting 
divisions  of  the  program  is  shown  by  the  following  table. 

Summary  of  estimates  of  Federal,  State,  and  private  costs  of  installing  the  recommended 
program  over  a 30-year  period 


[In  thousands  of  dollars] 


Program 

Costs  to  Fed- 
eral Govern- 
ment i 

Costs  to  State 
and  local 
governments 

Costs  to  land- 
owners  and 
operators 

Total 

Conservation  and  improvement  measures  for  grass- 
land and  cropland  - - ._  

1, 189, 630 
464,  448 
1,005,400 
201,310 
31,  942 
28, 620 
51, 305 
60,074 
30, 300 
138 

3, 683, 837 
493,  756 
260, 100 
486,  315 
71,  615 

4, 873, 467 
999,  561 
1,616.000 
687,  625 
103,  557 
28, 620 
64, 006 
83,  783 
30,  300 
138 

Forest  and  forest  range  lands  . _ . _ _ 

41,357 
350, 500 

Stabilizing  measures  for  small  watercourses 

Aid  to  irrigation..  . . 

Improve  drainage  on  agricultural  lands  . 

Soil  surveys  and  land  classification 

Research  and  investigations  . . _ 

12,  701 
23,  709 

Extension  education 

Supporting  credit. 

Rural  electrification  (special  studies) 

30-year  total 

3, 063, 167 

428,  267 

4,  995, 623 

8, 487, 057 

1 Does  not  include  cost  of  work  on  lands  under  jurisdiction  of  the  Department  of  the  Interior.  (See  p.  103.) 
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The  Missouri  Basin’s  improvement  and  development  will  yield  many 
net  gains  in  value  far  beyond  the  cost  of  the  investment  made  by  the 
public. 

These  benefits  will  appear  in  protected  resources  used  to  their  full 
advantage  on  more  productive  farms,  ranches,  and  forests  and  in  sub- 
stantial reductions  in  flood  and  sediment  damages.  New  service 
industries  can  be  expected  to  come  to  the  basin  to  provide  the  products 
a healthy  and  prosperous  agriculture  needs  and  buys.  The  list  of 
benefits  can  be  extended  in  many  directions. 

But,  in  its  simplest  meaning,  the  comprehensive  development  of  the 
Missouri  Basin  is  our  guaranty  that  the  people  of  the  basin  and  of  the 
Nation  will  have  richer  opportunities  to  live  in  security  and  happiness. 

EFFECT  OF  APPROVAL  OF  THE  REPORT 

At  appropriate  points  in  the  report  recommendations  are  made  to 
implement  the  various  phases  of  the  program.  The  master  recom- 
mendation (p.  83)  is  that  the  Congress  approve  the  entire  unified 
program  proposed.  Such  over-all  approval  would,  of  course,  indicate 
general  acceptance  of  the  implementing  recommendations,  subject 
to  the  subsequent  review  and  analysis  of  the  more  specific  program 
plans  prepared  as  a basis  for  the  President’s  annual  budget.  To 
facilitate  an  understanding  of  the  implications  of  such  approval  its 
three  major  effects  are  summarized  below: 

1 . Indication  of  intent  of  Congress  as  to  work  under  existing  authorities 

Approval  of  the  report  as  recommended  would  indicate  it  to  be  the 
will  of  the  Congress  that  certain  farm,  range,  forestry,  and  related 
activities,  being  carried  out  in  the  Missouri  Basin  under  existing 
legislative  authorities  and  Nation-wide  Federal  programs,  shall  be 
accelerated  and  unified  in  such  a way  as  to  complete  installations 
under  them  during  a 30-year  period.  This  approval  will  constitute  a 
basis  for  requesting  the  appropriation  of  funds  in  excess  of  amounts 
that  would  normally  be  requested  for  use  in  the  Missouri  Basin  under 
regular  Nation-wide  programs.  Such  additional  funds  will  be  re- 
quested from  year  to  year  under  the  regular  legislative  authorities  and 
procedures.  Attention  is  called  to  the  fact  that  the  recommended 
program  recognizes  the  need  for  the  Department  of  the  Interior  to 
request  appropriations  for  accelerating  the  installation  of  similar 
measures  upon  lands  under  that  Department’s  jurisdiction.  This  is 
necessary  if  the  basin  program  is  to  move  forward  in  a coordinated 
manner  and  produce  optimum  benefits. 

Approval  of  certain  of  the  recommendations  made  under  the  head- 
ing 1 ‘Investigation  and  Planning  for  New  Irrigation”  (pp.  120-121) 
would  indicate  it  to  be  the  desire  of  the  Congress  that  the  Depart- 
ment of  Agriculture,  in  cooperation  with  the  land-grant  colleges  and 
universities,  shall  investigate  the  agricultural  aspects  of  proposed 
Federal  irrigation  projects  and  furnish  the  Secretary  of  the  Interior 
reports  setting  out  estimates  of  the  amounts  that  farmers  could 
reasonably  be  expected  to  pay,  estimates  of  costs  of  preparing  lands 
for  irrigation,  information  on  agricultural  markets  and  other  agri- 
cultural data  bearing  upon  the  agricultural  feasibility  of  the  pro- 
posed project.  No  additional  basic  legislative  authorities  are  re- 
quested in  this  connection.  All  such  investigations  could  be  carried 
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out  under  authorities  already  available  to  the  Department  of  Agri- 
culture and  the  State  agencies.  This  phase  of  the  program  has  been 
formulated  in  accordance  with  a proposal  for  the  cooperative  and  co- 
ordinated planning  and  execution  of  Federal  irrigation  activities  by  j 
the  Department  of  the  Interior  and  the  Department  of  Agriculture. 
This  proposal  was  set  forth  in  letters  dated  July  20,  1948,  and  August  ! 
3,  1949,  from  the  Director  of  the  Bureau  of  the  Budget  to  the  Secre- 
taries of  the  two  Departments. 

2.  Expansion  and  adaptation  oj  existing  authorities 

Acceptance  of  the  recommendations  embodied  in  the  report  would 
expand  and  adapt  existing  legislative  authorities  in  certain  respects, 
but  only  to  the  extent  necessary  to  achieve  the  acceleration  and  unifi- 
cation contemplated.  The  additional  legislative  authorities  which 
would  be  granted  by  approval  of  this  report  are: 

Program  oj  conservation  and  improvement  measures  for  grassland  and 
cropland. — The  removal  of  limitations  upon  the  allotment  of  funds  for 
conservation  payments  contained  in  annual  appropriation  acts  so  as 
to  permit  greater  flexibility  in  the  public  assistance  that  may  be  made 
available  from  year  to  year  in  the  basin.  The  removal  of  such  limita- 
tions is  inherent  in  approval  of  the  report,  as  the  proposed  accelera-  j 
tion  of  conservation  work  in  the  Missouri  Basin  would  not  otherwise 
be  possible. 

Program  to  improve  drainage  on  agricultural  lands. — Approval  of  the 
recommendations  of  the  report  (pp.  124-125)  would  somewhat 
broaden  existing  legislative  authorities  under  which  the  Department 
of  Agriculture  assists  organized  groups  and  individual  farmers  in  im- 
proving drainage  on  agricultural  lands. 

Program  of  research  and  investigations. — Under  the  heading  “Pro- 
visions for  Cooperation”  (pp.  151-152)  appear  recommendations  that 
would  enable  the  Secretary  of  Agriculture  to  contract  with  public  and 
private  organizations  and  individuals  for  the  performance  of  investiga- 
tions and  research  set  out  in  the  report  and  would  also  enable  him  to 
allot  funds  to  cooperating  State  agencies  under  such  coiiditions  as  he 
deems  necessary  to  achieve  the  objectives  of  the  program.  Such  au- 
thorities have  been  granted  to  the  Secretary  with  respect  to  appro- 
priations under  certain  legislative  authorities  but  not  with  respect  to 
all  of  the  authorities  under  which  appropriations  might  be  requested 
to  carry  out  the  program  of  research  and  investigations. 

Program  oj  extension  education. — The  report  recommends  (p.  160) 
that  the  Secretary  be  authorized  to  allot  funds  to  State  agencies  to 
supplement  the  staff  available  under  existing  authorizations  in  such 
amounts  as  he  deems  appropriate.  This  is  necessary  if  the  work  of 
the  State  extension  services  is  to  be  accelerated  to  keep  pace  with  the 
accelerated  action  programs.  It  has  the  effect  of  removing,  for  the 
work  outlined  in  this  report,  present  limitations  as  to  the  allotment 
of  funds. 

Supporting  credit  program. — The  report  recommends  expansion  and 
adaptation  of  existing  credit  legislation  with  a view  to  increasing  the 
effectiveness  of  credit  as  a tool  for  putting  into  effect  the  action  pro- 
gram recommended  in  the  report.  The  necessary  expansions  and 
adaptations  are  contained  in  item  C on  page  163  and  in  the  provisions 
of  pages  162  to  166,  inclusive,  of  the  report.  It  will  be  seen  that  the 
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additional  credit  authorizations  recommended  are  to  be  used  only  to 
the  extent  necessary  to  put  into  effect  the  plans  that  would  be  de- 
veloped in  the  action  phases  of  the  unified  program.  In  other  words, 
credit  operations  under  these  authorities  would  be  tied  into,  and  con- 
trolled by,  operations  on  the  land.  The  supporting  credit  program  is, 
therefore,  an  integral  part  of  a program  designed  to  meet  the  special 
needs  of  the  Missouri  Basin. 

Investigations  and  preparation  oj  reports. — The  authority  to  make 
further  surveys  and  investigations  and  to  prepare  reports  for  submis- 
sion to  the  Congress  is  requested  on  pages  83-84.  This  will  enable  the 
Secretary  of  Agriculture  to  make  the  additional  studies  projected  in 
the  program  of  stabilizing  measures  for  small  watercourses  and  to 
recommend  subsequent  stages  of  this  program  and  to  submit  to  Con- 
gress additional  recommendations  as  to  other  phases  of  the  program. 

3.  Authorization  of  appropriation  under  the  flood  control  acts 

With  respect  to  the  program  of  stabilizing  measures  for  small 
watercourses,  approval  of  the  program  would  constitute  authorization, 
under  the  flood  control  acts,  for  appropriation  of  the  sum  of  $100,- 
000,000  to  carry  out  the  initial  stage  of  a plan  for  installing  small 
headwater  retarding  reservoirs,  sediment-retaining  structures,  channel 
improvement,  and  similar  works  to  reduce  flood  and  sediment  dam- 
ages. The  initial  stage  of  the  program  contemplates  the  completion 
of  such  work  on  parts  of  the  basin  where  flood  and  sediment  problems 
are  most  critical.  The  Secretary  of  Agriculture  finds  that  the  benefits 
that  would  result  from  completion  of  this  initial  stage  would  exceed 
the  cost.  His  finding  is  based  upon  a flood-control  survey  of  the 
Missouri  Basin  undertaken  as  a part  of  the  comprehensive  investiga- 
tion upon  which  this  report  is  based  and  the  results  of  which  are 
incorporated  in  this  report.  In  making  a flood-control  survey  of  such 
a vast  area,  it  would  be  wasteful  of  public  funds  to  attempt  to  design 
and  make  economic  evaluations  of  individual  works,  or  even  groups 
of  related  works.  The  accepted  procedure  is  to  study  typical  sample 
areas  and  problems.  This  procedure  was  followed  in  the  Missouri 
Basin.  For  this  reason  it  has  not  been  practicable  to  present  in  this 
report  benefit-cost  ratios  for  individual  works  or  related  groups  of 
works.  But,  to  insure  that  all  expenditures  under  the  requested 
authorization  shall  result  in  benefits  exceeding  costs,  economic  evalu- 
ations will  be  made  of  such  individual  works,  or  related  groups  of 
works,  at  the  time  detailed  plans  are  prepared.  The  results  of  these 
evaluations  will  be  placed  before  Appropriations  Committees  of  the 
Congress  at  the  time  appropriations  are  sought  under  the  authoriza- 
tion requested.  Funds  for  the  preparation  of  the  detailed  plans  and 
for  making  the  evaluations  will  also  be  sought  under  this  authorization. 

As  previously  noted,  this  work  would  be  carried  out  under  the 
flood  control  acts  which  assign  to  the  Department  of  Agriculture 
the  upstream  phases  of  Federal  flood-control  activities,  and  to  the 
Department  of  the  Army  the  downstream  phases.  Under  the  provi- 
sions of  this  report,  the  land-treatment  phases  of  a complete  flood- 
control  program  would  be  carried  out  under  legislation  other  than 
the  flood  control  acts,  but  would  be  fully  coordinated  with  the 
installation  of  the  works  to  be  installed  under  those  acts. 
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It  is  not  intended  that  approval  of  the  report  shall  constitute 
authority  to  collect  topographic,  geologic,  or  stream-flow  data  of  the 
type  now  being  furnished  by  agencies  such  as  the  United  States 
Geological  Survey.  The  Department  of  Agriculture  will  continue  to 
look  to  these  agencies  for  such  basic  data  and  will,  where  necessary, 
enter  into  cooperative  agreements  with  them.  The  Department  will 
also  seek  the  assistance  of  the  Fish  and  Wildlife  and  other  interested 
agencies  in  planning  and  carrying  out  the  program  (p.  84). 
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MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 

AUTHORITY 

This  report  and  the  program  set  forth  in  it  have  been  prepared  under 
the  provisions  of  various  acts  authorizing  the  Secretary  of  Agriculture 
to  undertake  investigations,  surveys,  research,  and  programs  for  the 
improvement  of  agriculture  in  the  United  States. 

The  following  authorities,  in  particular,  are  the  basis  of  the  coor- 
dinated and  cooperative  effort  which  has  produced  the  recommended 
program  for  the  comprehensive  agricultural  development  of  the 
Missouri  River  Basin : 

* * * to  conduct  surveys,  investigations,  and  research  relating  to  the 

conditions  and  factors  affecting,  and  methods  of  accomplishing  more  effectively 
the  * * * promotion  of  the  economic  use  and  conservation  of  land  * * * 

(act  of  February  29,  1936,  as  amended  (16  U.  S.  C.  590i)  ). 

* * * to  cooperate  with  Federal,  State,  Territorial,  and  other  public  agen- 

cies in  developing  plans  for  a program  of  land  conservation  and  land  utiliza- 
tion * * * (act  of  July  22,  1937  (7  U.  S.  C.  1011)  ). 

* * * to  cause  preliminary  examinations  and  surveys  for  run-off  and  water- 

flow  retardation  and  soil-erosion  prevention  on  the  watersheds  of  such  locali- 
ties * * * (act  of  June  22,  1936,  as  amended  and  supplemented  (Public  Law 

738,  74th  Cong.)). 

Additional  authority  for  this  program  planning  is  contained  in  the 
act  of  May  15,  1862  (5  U.  S.  C.  511-514);  the  act  of  April  27,  1935 
(16  U.  S.  C.  590a);  the  act  of  June  29,  1935  (7  U.  S.  C.  427);  and  the 
act  of  May  20,  1936  (7  U.  S.  C.  902). 

PURPOSE 

The  program  is  directed  toward  improving  and  stabilizing  agricul- 
ture in  the  Missouri  Basin  by  the  conservation,  development,  and  use 
of  the  basin’s  land,  water,  and  forest  resources.  The  recommended 
program  will  assist  the  people  of  the  basin  to  reach  this  objective. 
The  ultimate  purpose  is  to  increase  the  economic  and  social  well-being 
of  the  people  of  the  basin  and  in  the  Nation. 

The  recommended  program  is  designed  to — 

(1)  Complement  and  protect  flood  control,  irrigation,  power, 
navigation,  and  other  projects  that  have  been  authorized  for  the 
Missouri  Basin.  The  recommended  program  is  designed  as  an 
integral  part  of  the  coordinated  Missouri  Basin  development  and 
must  be  scheduled  concurrently  to  achieve  maximum  benefits. 

(2)  Protect,  conserve,  and  improve  the  lands  of  the  basin  for 
more  efficient  production  and  use  by  accelerating  measures  to 
conserve  soil  and  moisture  on  farms,  grazing  lands,  farm  woodlots, 
and  forests;  the  improvement  and  increase  of  timber,  range,  and 
wildlife  resources;  the  enlargement  of  recreation  opportunities; 
the  planting  and  care  of  additional  shelterbelts  and  extension  of 
the  shelterbelt  area;  the  constructive  rehabilitation  of  deteriorat- 
ing lands  and  their  conversion  to  better  adapted  uses;  and  the 
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installation  of  other  measures  found  necessary  to  contribute  to 
productive  and  profitable  land  use. 

(3)  Protect  and  enhance  the  water  resource  originating  on  the 
watersheds  of  the  basin,  thus  contributing  to  irrigation,  naviga- 
tion, power,  domestic  and  industrial  use;  to  fish  and  wildlife,  and 
recreation;  to  pollution  abatement;  and  to  other  productive  uses. 

(4)  Establish  watershed  practices  and  measures  to  aid  in  re- 
ducing flood  and  sediment  damages,  protect  and  effectuate  large 
investments  in  water-development  structures,  and  safeguard 
farm  lands,  farm  and  urban  property,  railroads,  and  highways 
from  flood  and  sediment  damages. 

(5)  Enlarge  and  improve  the  agricultural  productive  capacity 
of  the  basin  by  irrigation  and  drainage  wherever  this  will  improve 
and  stabilize  incomes  not  only  for  farm  people,  but  also  for  the 
communities  of  which  they  are  a part. 

(6)  Extend  electricity,  under  a feasible  loan  program,  to  the 
remaining  farms  and  rural  nonfarm  areas  without  electric  service. 

(7)  Expand  agricultural  research,  investigations,  and  surveys 
that  are  designed  to  give  direction  to  resource  development  and 
use ; solve  problems  arising  from  changes  in  land  use ; and  discover 
production  practices  that  will  improve  use  of  the  soil  and  water 
resources  and  prevent  their  impairment. 

(8)  Intensify  the  agricultural  extension  activities  to  assist  rural 
people  to  make  maximum  use  of  lands  newly  developed  for  irriga- 
tion and  protected  from  floods  by  levees  and  drains;  to  make  the 
best  use  of  electric  power;  to  apply  accelerated  land  conservation 
and  flood  reduction  measures;  and  to  adjust  farming  to  new 
crops,  new  markets,  and  new  methods. 

THE  PLACE  OF  THE  AGRICULTURAL  PROGRAM  IN  COM- 
PREHENSIVE MISSOURI  BASIN  DEVELOPMENT 

The  basin-wide  agricultural  program  recommended  in  this  report  is 
designed  to  develop,  conserve,  and  use  efficiently  the  land,  water,  and 
forest  resources  of  the  basin.  It  includes  provisions  for  needed  meas- 
ures to  complement  the  plan,  approved  by  Congress  in  the  Flood 
Control  Act  of  1944,  for  flood  control,  navigation,  irrigation,  hydro- 
electric power  development,  and  related  water  uses  now  being  prose- 
cuted in  the  basin  by  the  Corps  of  Engineers  and  the  Bureau  of 
Reclamation. 

The  recommended  agricultural  program  will  reduce  the  rate  at 
which  major  reservoirs  fill  with  sediment.  It  will  contribute  to  reduc- 
tion of  flood  and  related  damages  along  the  thousands  of  miles  of 
tributary  streams  that  will  lie  above  these  major  reservoirs.  It  will 
assist  in  bringing  into  full  and  efficient  use  the  new  irrigated  lands, 
help  solve  the  drainage  problems  on  lands  behind  the  levees,  extend 
aid  to  farm  families  who  will  be  moving  from  reservoir  areas,  and  in 
many  other  ways  complement  and  make  more  effective  the  engineer- 
ing program.  Improved  and  more  stable  incomes  that  result  from 
more  efficient  use  of  land,  water,  and  forests  will  also  make  it  possible 
for  farmers  to  take  fuller  advantage  of  the  opportunities  provided  by 
the  engineering  developments;  in  particular,  it  will  enable  them  to 
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utilize  most  efficiently  the  electrical  power  that  is  to  become  available 
and  to  repay  the  obligations  incurred  in  expanded  irrigation. 

These  are  essential  functions  that  the  agricultural  program  will 
perform  in  the  total  development  of  the  Missouri  Basin  resources  in 
addition  to  the  intrinsic  worth  of  conservation  and  farm  and  forest 
improvements. 

This  report  sets  out  a program  designed  to  benefit  all  the  farm 
families  in  the  basin  and  indirectly  to  benefit  all  farm  communities 
and  related  business  interests;  a program  which,  with  the  other 
Federal  activities  and  the  efforts  of  all  the  State  governments  and  the 
people  of  the  basin,  will  make  a major  contribution  in  the  efficient 
development  of  the  Missouri  Basin. 

COOPERATION  AND  ACKNOWLEDGMENTS 

The  following  agencies  of  the  Department  of  Agriculture  partici- 
pated in  the  preparation  of  this  program: 

Agricultural  Research  Administration 
Bureau  of  Agricultural  Economics 
Extension  Service 
Farm  Credit  Administration 
Farmers  Home  Administration 
Forest  Service 

Production  and  Marketing  Administration 
Rural  Electrification  Administration 
Soil  Conservation  Service 

The  field  committee  of  representatives  from  the  above  agencies 
based  the  report  on  investigations  and  experience  of  agencies  of  the 
United  States  Department  of  Agriculture,  the  land-grant  colleges 
and  universities,  the  Great  Plains  Agricultural  Council,  and  other 
agricultural  agencies  of  the  States  in  the  Missouri  Basin.  The 
report  has  been  prepared  by  the  joint  effort  of  agencies  of  the  Depart- 
ment under  the  leadership  of  the  Office  of  the  Secretary,  in  coopera- 
tion with  the  States.  Task  committees  of  Federal  and  State  personnel 
prepared  the  various  program  recommendations.  The  estimates 
of  conservation  practices  were  made  by  Federal  representatives  and 
were  checked  in  each  State.  Cooperative  aspects  of  the  forestry 
program  were  discussed  with  forestry  officials  of  the  affected  States. 
Both  Federal  and  State  personnel  participated  in  the  program  esti- 
mates for  irrigation  and  drainage.  The  research  program  was 
prepared  as  one  coordinated  program  by  a technical  committee  of 
the  10  agricultural  experiment  stations  and  the  research  agencies  of 
the  United  States  Department  of  Agriculture  with  the  additional 
cooperation  of  the  Bureau  of  Reclamation.  The  same  cooperative 
procedure  was  followed  in  planning  the  recommended  soil-survey 
program.  The  agricultural-educational  program  was  prepared  by 
a committee  established  by  the  agricultural  extension  directors  of  the 
Missouri  Basin  States,  in  cooperation  with  Federal  representatives. 
Information  and  assistance  has  been  given  by  officials  of  the  Depart- 
ment of  the  Army,  The  Department  of  the  Interior,  and  various 
agencies  of  the  Missouri  Basin  States  in  preparation  of  parts  of  this 
report. 
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SECTION  I.  GENERAL  DESCRIPTION  OF  THE  BASIN 
Physical  Characteristics 

LOCATION  AND  SIZE 

The  Missouri  River  Basin  is  a vast  region  extending  from  the 
forested  Rocky  Mountains  of  the  Continental  Divide,  through  the 
Great  Plains  to  the  humid  areas  of  east-central  Missouri.  It  includes 
all  of  Nebraska,  most  of  South  Dakota,  large  fractions  of  North 
Dakota,  Montana,  and  Wyoming,  about  half  of  Kansas  and  Missouri, 
and  smaller  parts  of  Colorado,  Iowa,  and  Minnesota.  The  part  of 
the  Missouri  Basin  lying  in  the  United  States  covers  about  326,000,000 
acres,  or  509,375  square  miles.  The  part  lying  in  the  Provinces  of 
Alberta  and  Saskatchewan,  Canada,  covers  9,715  square  miles,  or 
6,217,600  acres.  The  proposed  agricultural-development  program 
for  the  Missouri  Basin  embraces  about  14,000,000  acres  of  land 
outside  the  basin  proper  in  North  Dakota.  This  additional  area  is 
affected  by  the  proposed  diversion  of  water  to  the  Souris  and  Sheyenne 
River  Basins.  For  purposes  of  this  report,  the  term  “Missouri 
Basin”  includes  all  the  Missouri  River  drainage,  exclusive  of  the 
area  in  Canada,  and  the  additional  area  in  North  Dakota.  This  is  a 
total  of  approximately  340,000,000  acres. 

PHYSICAL  LAND  CHARACTERISTICS 

The  Missouri  River  and  its  major  tributaries  rise  in  the  Rocky 
Mountains  of  Montana,  Wyoming,  and  Colorado,  and  flow  in  a 
generally  easterly  direction  across  the  Great  Plains.  The  main  stem 
then  flows  south,  forming  the  boundary  between  Nebraska  and  Iowa 
and  northern  Kansas  and  Missouri.  From  Kansas  City,  the  main 
river  flows  east  to  join  the  Mississippi  near  St.  Louis.  Minor  tribu- 
taries rise  in  all  the  several  States. 

The  eight  major  topographic  conditions  of  the  Missouri  Basin  are 
as  follows: 

1.  Mountains 

2.  Rough  land  and  badlands 

3.  Hilly  land 

4.  Hilly  to  mountainous  land 

5.  Moderately  sloping  land 

6.  Intermountain  valleys 

7.  Hummocky  (dune)  land 

8.  Level  land  and  undulating  glacial  drift 

The  topography  and  a general  indication  of  rates  of  erosion  in 
different  parts  of  the  region  are  indicated  on  figure  1.  Each  of  the 
eight  topographic  units  has  its  own  general  characteristics  of  natural 
and  accelerated  erosion  and  therefore  each  is  significant  to  the  rate 
at  which  sediments  are  contributed  to  the  Missouri  River  and  its 
tributaries.  The  map  and  descriptive  legend  show  where  headward 
erosion  of  streams  is  rapidly  reducing  the  surface  of  the  land  to  a lower 
level  and  where  natural  and  accelerated  erosion  is  a serious  hazard  to 
agriculture,  to  forestry,  to  grazing,  and  to  the  permanency  of  proposed 
reservoirs  of  the  Missouri  River  system.  The  descriptive  legend  also 
shows  the  principal  kinds  of  rocks  or  other  materials  within  each  area, 
the  general  thickness  of  soils,  and  the  present  dominant  land  uses. 
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Mountains 

The  only  areas  properly  defined  as  mountains  are  in  the  western 
part  of  the  region,  chiefly  the  Rocky  Mountains  of  Colorado,  Wyo- 
ming, and  Montana,  and  a small  area  in  the  Black  Hills  of  western  South 
Dakota.  In  these  mountainous  areas  there  are  all  kinds  of  rocks, 
and  the  thickness  of  soil  varies  from  nothing  to  many  feet.  Natural 
erosion  in  the  mountains  is  slow  in  most  places,  but  is  rapid  where 
soft  rocks  are  exposed.  Geologic  erosion  in  these  areas  is  actually 
fairly  rapid,  but  the  annual  load  of  sediment  contributed  to  the  streams 
is  not  excessive.  Much  of  the  excess  sediment  is  carried  down  from 
steeper  slopes  and  lodged  in  intermountain  valleys  and  does  not 
contribute  a great  deal  to  downstream  areas.  Accelerated  erosion 
occurs  in  the  mountains  when  the  forest  cover  has  been  badly  de- 
pleted or  destroyed.  In  these  cases  steep  topography  can  create  a 
serious  problem.  The  mountain  areas  are  used  chiefly  for  timber, 
grazing,  sources  of  water  supplies,  wildlife  habitat,  and  recreational 
purposes. 

Bough  lands  and  badlands 

In  the  region  between  the  Rocky  Mountains  and  the  eastern  part 
of  the  Great  Plains  and  in  the  larger  of  the  intermountain  basins 
of  Wyoming  are  to  be  found  the  rough  land  and  badlands  of  the  basin. 
These  are  vast  areas  of  rather  high  land  where  bedrocks  are  largely 
of  siltstone,  soft  shale,  clay,  and  soft  and  hard  sandstones.  Most  of 
the  rocks  are  soft  and  easily  attacked  by  natural  erosion.  A large 
proportion  of  the  rough  land  of  this  region  has  either  a semiarid  or 
an  arid  climate  and  natural  vegetation  is  relatively  thin  and  incapable 
of  protecting  the  land  from  erosion.  Headward  erosion  by  tributaries 
of  the  Missouri  is  extremely  active,  and  an  enormous  amount  of 
sediment  is  carried  into  the  main  stream.  Soils  in  the  rough  lands 
and  badlands  are  generally  shallow,  though  there  are  many  local 
exceptions  where  soils  are  deep  enough  to  be  suitable  for  dry  farming, 
irrigation,  and  good  grazing.  Natural  erosion  is  rapid  to  very  rapid 
and  was  so  even  before  the  region  was  first  explored  by  white  men. 
As  very  little  of  this  land  has  been  brought  under  cultivation,  ac- 
celerated erosion  is  rapid  only  where  ranchers  have  attempted  to 
graze  more  livestock  than  the  thin  vegetation  can  support.  Nearly  all 
of  the  rough  lands  and  badlands  are  used  for  grazing.  Within  the 
areas  are  many  small  strips  of  deep  alluvial  soils  and  of  fertile  soils  of 
stream  terraces  and  narrow  ridge  tops  that  are  suitable  for  either 
irrigation  or  dry  farming.  These  localities  cannot  be  designated  on 
a map  of  the  scale  of  figure  1. 

Hilly  lands 

The  hilly  lands  of  the  Missouri  Basin  extend  intermittently  all  the 
way  from  the  bluffs  of  the  Missouri  River  in  eastern  Missouri  to  the 
foothills  of  the  Rocky  Mountains.  A small-scale  map  cannot  show 
sharp  distinctions  between  the  hilly  lands  and  the  rough  broken  lands 
on  the  one  hand  and  the  moderately  sloping  lands  on  the  other. 
Most  of  the  hilly  lands  are  of  soft  rocks,  like  the  Pierre  shale  and  the 
Hell  Creek  and  Fort  Union  beds;  or  glacial  till  largely  of  clay  loam 
texture;  or  loess  like  that  of  Nebraska,  Kansas,  Missouri,  and  Iowa. 
Smaller  areas,  especially  near  the  western  mountains,  have  many  out- 
crops of  hard  rock.  Soils  on  the  hills  vary  from  shallow  to  deep. 
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PHYSICAL  LAND  CHARACTERISTICS  OF  THE  MISSOURI  BASIN 


Symbol 


Topographic 

Unit 


Rock  or  other 
Materials 


Soli  Depth 


Natural 

Erosion 


Accelerated 

Erosion 


Dominant 

Uses 


Mountai ns 


A I I kinds  of 
rocks 


Bare  rock 
to  deep 
soils 


Slow  to 
Rap  i d 


Lacking  to 
moderate 


Fo  rest  ry, 
g raz i ng, 
water  con- 
servancy 4 
rec  reat i on 


1 


Rough  Land  4 
Bad  I ands 


Si  I tstone, 
shale,  clay, 

4 sandstone 
(mostly  soft) 


General ly 
shal I ow 


Rapid  to 
extremely 
rap  i d 


Slow  to 
moderate 


Largely  for 
g raz i ng 


Hilly  Land 


Soft  rocks, 
glacial  till, 
loess,  4 a 
few  hard 
rocks 


Shal I ow  to 
very  deep 


Rapid  to 
moderate 


General  ly 
slow  where 
grazed*;  very 
rapid  where 
cu I t i vated 


Large  ly 
grazing; 
cu  1 1 i vat i on 
important 
in  subhumid 
areas 


Hilly  to 
Mountai nous 
Land 


Chiefly 
I i mestone  4 
flint  ( chert) 


Shal low  to 
deep,  mostly 
stony  soils 


Slow  to 
mode  rate 


Slow  to 
rap  i d 


Forest  ry, 
grazing, 
genera! 
farmi ng, 
f ru  i t 


HI 


Moderate ly 
Sloping  Land' 


Soft  rocks, 
glacial  til 
loess,  4 a 
few  hard 
rocks 


Moderately 
deep  to 
very  deep 


Slow  to 
very  slow 


Moderate  to 
rapid 


Largely 
cu I t i vated; 
g raz i ng 
i mpo  rtant 
?n  semiarid 
reg  i ons 


I ntermountai  n 
Val I ays 


Silty, 
clayey,  4 
sandy 
mate  rial s 


Gene  rally 
deep 


None  to 
moderate 


None  to 
rapid 


I rri gat  ion 
4 d ry  fa  rm- 
ing;  grazing 


Hummocky 
(Dune)  Land 


Sand 


Thin  soil 
over  deep 
loose  sand 


Slow  to 
very  slow 


General ly 
very  slow; 
extremely 
rapid  wind 
erosion  if 
p I owed 


Graz i ng 


□ 


Level  Land  4 
Undu I at i ng 
Glacial  Drift 


Glacial  till, 
al I uv i urn,  4 
I oess 


General  ly 
deep  to 
very  deep 


Ve ry  si ow 


General ly 
slow  to 
moderate 
accord  i ng 
to  slope. 
Moderate 
wi  nd 
eros  I on. 


General ly 
cu I t i vated 
whe  re 

moisture  is 
adequate; 
i rri gat i on 
farm!  ng 
important 


f rv" 
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Most  of  them  are  capable  of  supporting  a good  natural  growth  of 
grasses,  as  in  the  central  and  western  parts  of  the  basin,  or  of  trees,  as 
in  the  eastern  part  of  the  basin  in  Iowa  and  Missouri.  Hence,  the 
rate  of  natural  erosion  on  these  areas  is  considerably  less  than  it  is  on 
the  rough  lands  and  badlands,  and  the  contribution  of  silt  under 
natural  conditions  is  much  less.  However,  the  soils  of  much  of  the 
hilly  land,  especially  those  in  Nebraska,  Kansas,  Iowa,  and  Missouri, 
are  physically  suitable  for  cultivation  and  the  rate  of  accelerated 
erosion  has  become  very  rapid  where  such  lands  are  cultivated. 
Where  the  original  cover  of  grass  or  forest  has  been  allowed  to  remain, 
the  rate  of  accelerated  erosion  is  slow  except  where  the  cover  has  been 
depleted  or  destroyed  by  heavy  timber  cutting,  overgrazing,  and  fire. 
Much  of  the  hilly  land  is  used  for  grazing,  but  substantial  areas  in 
eastern  Nebraska  and  in  western  Iowa  and  Missouri  are  used  for  clean- 
tilled  crops.  These  cultivated  areas  have  contributed  an  enormous 
amount  ot  sediment,  especially  to  the  main  stream  of  the  Missouri 
River,  and  the  Platte  and  Republican  Rivers,  as  well  as  to  streams  in 
northern  Missouri. 

Hilly  to  mountainous  lands 

In  the  wooded  Ozark  Highlauds  in  Missouri,  south  of  the  Missouri 
River,  and  the  grassy  Flint  Hills  of  northeastern  Kansas  are  to  be 
found  the  hilly  to  mountainous  land  of  the  basin.  These  lards  are 
rougher  than  the  “hilly  lands,”  and  the  parent  materials  are  largely 
hard  bedrocks  instead  of  soft  rocks,  loess,  and  glacial  till.  The  soil 
varies  from  very  shallow  to  quite  deep,  and  a fairly  large  proportion 
is  so  stony  that  cultivation  is  either  difficult  or  impossible.  Natural 
erosion  is  slow  to  moderate,  and  nowhere  does  it  contribute  a large 
amount  of  sediment  to  streams.  Accelerated  erosion,  on  the  other 
hand,  varies  a great  deal  according  to  land  use.  Ordinarily  the  accel- 
erated erosion  is  slow,  but  it  is  fairly  rapid  where  the  land  has  been 
deforested  or  overgrazed.  Chief  uses  of  hilly  to  mountainous  laud 
are  for  timber  production,  grazing,  and  wildlife  habitat.  General 
farming  and  fruit  growing  occur  in  the  more  favored  locations. 

Moderately  sloping  lands 

By  far  the  greater  part  of  the  moderately  sloping  land  of  the 
Missouri  Basin  is  in  areas  of  various  kinds  of  soft  rocks,  glacial  till,  and 
loess.  Interspersed  with  the  soft  rocks  are  a few  reaches  of  hard 
rocks,  chiefly  with  linear  outcrops.  Soils  in  general  range  from 
moderately  deep  to  very  deep  with  a small  proportion  of  shallow  soils 
and  rock  outcrop.  Under  virgin  conditions,  most  of  these  areas 
supported  a good  natural  vegetation  of  tall  grasses  in  the  eastern  part 
of  the  region  and  of  short  grasses  in  the  drier  western  parts.  Erosion 
was  slow  to  very  slow  at  the  time  the  land  was  first  explored.  Since 
the  land  has  come  under  white  settlement,  however,  a large  proportion 
of  these  moderately  sloping  lands  has  been  brought  under  cultivation, 
and  accelerated  erosion  is  moderate  to  rapid.  These  areas  now  con- 
tribute much  sediment  to  the  streams.  A large  share  of  the  land  is 
used  for  cultivated  crops,  especially  in  the  subhumid  central  and 
eastern  parts  of  the  basin.  Farther  west,  where  the  climate  is  semi- 
arid,  grazing  is  the  predominant  use  although  there  is  some  dry 
farming.  Many  gullies  have  worked  back  into  the  moderately 
sloping  land  from  hilly  areas  near  the  larger  streams. 
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This  class  includes  only  those  parts  of  the  moderately  sloping  lands 
of  the  Missouri  Basin  with  a well-defined  natural  drainage  system 
connected  directly  to  the  major  streams.  Those  moderately  sloping 
areas  that  do  not  contribute  much  water  directly  to  the  major  streams 
are  included  in  ‘ ‘level  land  and  undulating  glacial  drift.” 

Intermountain  valleys 

Intermountain  valleys  are  the  chief  farm  areas  within  the  Rocky 
Mountains.  Most  of  these  valleys  are  filled  with  silty,  clayey,  or 
sandy  sediments  that  have  accumulated  more  rapidly  than  the  streams 
were  able  to  remove  them  toward  the  sea.  From  these  sediments, 
moderately  deep  to  deep  soils  of  many  different  kinds  have  been 
formed.  Natural  erosion  varies  from  a negligible  rate  to  rather 
rapid.  The  most  rapid  natural  erosion  is  in  areas  of  soft  deposits  that 
have  been  subjected  to  the  attack  of  streams  through  the  deepening 
of  valleys  and  headward  erosion  by  the  streams.  Accelerated  erosion 
is  negligible  in  many  of  the  intermountain  valleys,  but,  it  is  at  moder- 
ate rates  in  sloping  areas  that  have  been  brought  under  cultivation 
without  proper  erosion-control  practices.  The  most  important  uses 
are  for  irrigation  farming,  dry  farming,  and  the  production  of  native 
hay.  Some  of  the  most  important  irrigation  districts  of  the  West  are 
in  these  valleys.  Land  that  is  unsuitable  for  irrigation  and  dry 
farming  is  generally  used  for  grazing. 

Hummocky  {dune)  lands 

The  hummocky  (dune)  lands  of  the  Missouri  Basin  include  the 
enormous  Sandhill  area  of  Nebraska  and  similar  smaller  areas  in  other 
States.  This  land  consists  of  hummocky  reaches  of  loose  dune  sand. 
Nearly  all  of  it  has  been  stabilized  by  natural  vegetation  and  thousands 
of  small  basins,  some  of  which  are  semimarshy,  some  of  which  are  dry, 
and  some  of  which  contain  small  lakes.  Soils  in  these  deep  sands 
generally  are  rather  thin,  although  the  loose  sand  deposits  themselves 
are  thick.  Under  natural  conditions,  erosion  is  very  slow.  A great 
deal  of  sand  is  carried  by  the  streams,  however,  and  clogs  diversion 
and  power  dams.  Accelerated  erosion,  almost  entirely  by  wind 
action,  is  generally  confined  to  small  patches  of  “blow  outs”  where 
vegetation  has  been  killed  by  imprudent  plowing  or  by  excessive 
trampling  by  livestock.  The  basins  between  the  sand  dunes  are 
moist  enough  in  many  places  to  be  used  as  natural  meadows  from  which 
hay  is  harvested  for  winter  feed  for  livestock.  The  present  and  best 
use  of  practically  all  this  land  is  for  grazing.  The  sandy  soils  absorb 
most  of  the  rainfall  which  recharges  ground  water  and  stabilizes 
stream  flow. 

Level  land  and  undulating  glacial  drift 

This  land  is  underlain  by  alluvium,  loess,  and  glacial  drift  of  greatly 
varying  character.  Soils  are  generally  deep  to  very  deep,  and  natural 
erosion  is  slow  to  very  slow.  Wind  is  the  chief  agency  of  accelerated 
erosion  on  the  level  areas.  Wind  erosion  has  been  rather  severe  on 
cultivated  land  during  droughty  periods,  especially  on  very  sandy  and 
very  clayey  soils.  Accelerated  water  erosion  is  active  on  the  higher 
spots  of  the  undulating  glacial  drift,  but  the  soils  washed  from  the 
knolls  usually  collect  in  intervening  basins  and  do  not  contribute  much 
sediment  to  the  major  streams.  Most  of  the  land  of  this  unit  is  used 
for  cultivation  where  the  moisture  supply  is  adequate.  Some  of  the 
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most  important  areas  of  irrigated  farming  are  on  this  class  of  land 
in  the  semiarid  parts  of  the  basin. 

MAJOR  PARENT  MATERIALS  AND  SOIL  ZONES 

The  parent  materials 

Many  kinds  of  rock  occur  within  the  Missouri  Basin,  and  each  kind 
of  rock  has  its  distinctive  effects  on  the  kinds  of  soil  developed  from 
it.  The  major  parent  materials  of  soils  of  the  basin,  including  soft 
mineral  deposits,  fall  into  four  major  groups,  as  follows  (fig.  2): 

1.  Very  sandy  deposits,  many  with  dune  forms. 

2.  Clay  and  silty  clay  or  clay-shale  rocks. 

3.  Soft  medium-textured  rocks,  loess,  glacial  till,  and  alluvium. 

4.  Chiefly  hard  rocks. 

The  very  sandy  deposits,  like  those  of  the  Sandhills  of  Nebraska, 
are  loose  and  easily  eroded  by  wind.  The  soils  on  them  can  be  used 
only  for  grazing.  Under  this  use,  they  will  sustain  a healthy  and 
prosperous  livestock  industry  for  an  indefinitely  long  period. 

The  soils  developed  from  clay  deposits  and  silty  clay  or  clay  shales 
generally  are  too  heavy  and  too  vulnerable  to  erosion  damage  for 
high  agricultural  production.  But  they  will  support  a fair  to  good 
grass  cover  for  grazing. 

Soils  developed  from  soft  rocks,  loess,  glacial  till,  and  alluvium, 
generally  are  fairly  well  to  very  well  suited  to  the  type  of  farming 
that  fits  the  climate  of  the  area.  The  great  wheat  and  corn  areas  of 
the  Missouri  Basin  are  largely  on  these  materials. 

In  areas  dominated  by  hard  rocks,  such  as  the  Rocky  Mountains, 
the  Black  Hills,  the  Ozark  Highlands,  and  the  Flint  Hills  of  Kansas, 
the  soils  are  generally  best  suited  to  forestry  or  grazing.  A large 
proportion  of  them — perhaps  half,  more  or  less — are  too  stony  or  too 
shallow  for  easy  cultivation.  Much  of  the  area  in  which  hard  rocks 
are  dominant  is  in  the  Rocky  Mountains  where  short  growing  seasons 
make  forestry  and  grazing  the  most  practical  land  uses. 

The  soil  zones 

The  natural  soil  zones  of  the  Missouri  Basin  are  related  closely  to 
the  zones  of  climate  and  natural  vegetation.  In  their  broad  distribu- 
tion the  soils  owe  many  of  their  important  and  easily  recognized 
characteristics  to  the  climate  and  vegetation  under  which  they  have 
developed. 

Superimposed  on  the  maps  of  parent  materials  and  natural  vegeta- 
tion (figs.  2 and  3)  are  some  dashed  boundary  lines  to  separate  the 
major  soil  zones.  The  soil  zones  are  indicated  on  the  maps  by  roman 
numerals  from  I to  VII,  progressing  from  the  humid  parts  of  Missouri 
to  the  arid  intermountain  basins  of  Wyoming. 

Zone  I includes  the  area  of  acid  pale-colored  soils  with  red  or  yellow 
subsoils  (red-yellow  Podzolic  soils)  that  occur  in  southern  Missouri. 
In  Missouri,  a great  many  of  these  soils  are  too  stony  for  farming  and 
are  used  for  forest  and  pasture.  Most  farming  is  of  a general  type 
and  cultivation  is  chiefly  along  the  stream  valleys  and  smoother  ridge 
tops.  Most  red  and  yellow  soils  of  this  zone  require  lime  and  fer- 
tilizers. 

Zone  II  includes  areas  of  slightly  to  moderately  acid  black  Prairie 
soils  with  many  important  local  variations  that  correspond  with  the 
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character  of  parent  material  and  age  of  the  soil.  Most  of  this  area 
is  in  the  Corn  Belt.  Within  zone  II  are  many  small  and  a few  large 
areas  of  acid,  light-colored,  gray-brown  Podzolic  soils  that  have 
developed  into  hardwood  forest,  especially  in  northeastern  Missouri. 

Zone  III  is  the  famous  Chernozem  (black-earth)  belt  of  the  northern 
plains.  Soils  in  this  area  are  very  dark-colored  and  generally  slightly 
acid  to  neutral  in  reaction.  The  major  differences  between  Chernozem 
and  the  black  prairie  soils  are  that  the  former  are  usually  less  acid  and 
have  a layer  of  lime-carbonate  concentration  1 to  5 feet  below  the 
surface.  True  Chernozems  are  deep,  highly  fertile  soils,  but  their 
productivity  is  limited  during  many  years  by  lack  of  sufficient  moisture. 
The  Corn  Belt  extends  well  into  the  Chernozem  soils  zone. 

Zone  IV  is  the  area  of  chestnut  (dark-brown)  soils  that  are  developed 
under  a somewhat  drier  climate  than  are  the  Chernozems.  Most 
chestnut  soils  are  highly  fertile,  but  they  occur  under  climates  that  are 
generally  too  dry  to  be  reliable  for  corn;  hence,  their  chief  use  is  in 
winter  or  spring  wheat  production,  much  of  it  under  alternating  fallow 
and  crop. 

Zone  V includes  the  vast  area  of  brown  soils  of  the  semiarid  short- 
grass  plains.  These  soils  are  lighter  colored  and  lower  in  organic 
matter  than  the  chestnut  soils,  but  most  of  them  are  fertile.  Crop 
production,  chiefly  wheat,  is  sharply  limited  by  climatic  conditions, 
but  yields  are  high  in  favorable  years.  Dry  fallow  farming  for 
moisture  conservation  and  strip  cropping  to  check  wind  erosion  are 
widely  practiced. 

Zone  VI  includes  a vast  area  of  mountains  in  the  western  part  of  the 
basin,  where  soils  are  extremely  variable  in  character.  The  major 
soil  characteristics  vary,  with  the  local  climate  and  vegetation,  from 
prairie  and  gray-brown  Podzolic  soils  much  like  those  of  north-central 
Missouri  to  desert  soils  like  those  of  the  desert  basins  in  Wyoming. 
Probably  at  least  half  of  the  soils  of  zone  VI  are  shallow  and  stony. 

Zone  VII  includes  the  very  light-colored  desert  and  light  gray 
Sierozem  soils  of  the  deserts  and  semideserts,  confined  almost  entirely 
to  Wyoming.  Most  of  these  soils  are  rich  in  mineral  plant  nutrients, 
but  very  low  in  organic  matter  and  nitrogen.  Many  areas  have  been 
made  productive  by  irrigation,  accompanied  by  drainage.  In  this 
zone  there  is  a constant  hazard  of  salt  accumulation  in  irrigated  soils 
that  are  not  artificially  drained. 

Local  variations  in  soils 

While  the  zonal  differences  of  soils  are  significant,  local  differences 
in  soils  within  each  of  the  great  soil  zones  are  of  very  great  importance. 
These  differences,  which  limit  the  adaptability  of  crops  and  the  size  of 
yields  are  due  (1)  to  differences  in  parent  materials;  (2)  to  the  effects 
of  soluble  salts  in  the  soil;  (3)  to  the  age  of  the  soil;  (4)  to  the  natural 
drainage  (or  lack  of  it) ; (5)  to  differences  in  natural  vegetation;  (6)  to 
the  use  or  abuse  of  the  soil  since  it  has  been  cultivated  or  put  to  other 
use;  and  (7)  to  slope  of  the  land. 

The  black  prairie  soil  of  eastern  Nebraska  ordinarily  is  expected  to 
yield  a larger  income  per  acre  than  a brown  soil  of  eastern  Colorado. 
But  favorable  local  soil  conditions  in  the  brown  soils  zone  and  unfavor- 
able local  soil  conditions  in  the  prairie  zone  can  reverse  this  result. 
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Salts  and  alkali 

A considerable  portion  of  the  land  to  which  water  might  be  made 
available  for  irrigation  would  prove  to  be  unsuitable  for  irrigation 
because  of  the  presence  of  salts  or  the  possibility  that  the  accumulation 
of  salts  and  alkali  under  irrigation  would  make  the  areas  too  toxic  for 
plant  production. 

Even  in  areas  where  no  salt  or  alkali  problems  now  exist  under  dry 
farming,  salts  known  to  be  present  in  the  lower  horizons  of  the  soil 
profile  may  create  a salt  or  alkali  problem  when  irrigation  systems  are 
installed.  The  irrigation  waters  become  impregnated  with  salt  or 
alkali  and  percolate  downward  until  a less  permeable  layer  is  en- 
countered. This  layer  may  be  of  such  a fine  texture  or  density  that  it 
is  only  slowly  permeable  and  causes  what  is  called  a perched  water 
table  to  develop  above  it.  Elsewhere,  the  irrigation  water  may 
percolate  downward  until  it  reaches  a relatively  impermeable  layer  of 
shale  or  some  other  material.  In  either  instance,  the  water  collects 
above  and  moves  along  the  surface  of  the  less  permeable  layers  and 
tends  to  become  ponded  in  basin-like  areas  caused  by  the  uneven 
surface  of  the  less  permeable  layer.  A water  table  is  created  which 
may  actually  reach  the  surface  where  the  less  permeable  layer  out- 
crops. When  this  water  evaporates,  the  salts  contained  in  it  are  left 
behind  to  become  concentrated  locally  in  quantities  large  enough  to 
damage  soil  structure  and  to  harm  or  prohibit  plant  growth. 

Most  of  the  irrigable  areas  on  stream  terraces  and  bottoms  through- 
out the  Missouri  Basin  area  have  problems  of  salt  or  alkali,  and  drain- 
age, that  must  be  studied  together.  Even  in  areas  where  salts  are  not 
in  sufficient  amounts  to  be  harmful  under  dry  farming,  soil  surveys 
should  be  made  to  learn  whether  there  are  any  underlying,  less  per- 
meable layers,  which,  under  irrigation,  would  not  drain  or  would  act 
as  a floor  for  water  movement  and  cause  the  described  conditions  to 
develop.  Where  studies  indicate  the  possibility  that  harmful  water 
movement  or  accumulation  may  occur  it  may  be  possible  to  establish 
remedial  drainage  measures. 

Even  on  dry  farm  and  range  land  there  are  many  large  areas  where 
salt  and  alkali  accumulations  limit  production  to  some  extent. 

Local  conditions — like  texture  or  parent  material,  content  of  soluble 
salts,  depth  and  structure  of  soils,  and  adaptability  of  soils  and  under- 
lying materials  to  artificial  drainage — are  among  the  considerations 
that  are  important  to  the  classification  of  soils  for  irrigation.  These 
and  other  soil  characteristics,  locally  significant  to  all  kinds  of  intensive 
land  use  and  soil  conservation  and  rehabilitation  practices,  can  only 
be  determined  by  detailed  soil  surveys  and  field  investigation. 

NATURAL  VEGETATION 

The  Northern  Great  Plains,  a vast  natural  grassland  area,  lies 
between  the  Pocky  Mountains  and  the  humid  forested  areas  of  Min- 
nesota, Iowa,  and  Missouri  (fig.  3).  In  general,  the  type  of  grass  or 
other  vegetation  has  been  determined  by  regional  and  local  environ- 
ment. Climate,  soil,  relief,  and  drainage  are  the  important  factors. 
Forests  predominate  in  the  humid  southeastern  parts  of  the  basin  and 
the  mountainous  areas,  sagebrush  in  semidesert  areas,  greasewood  on 
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salty  soils  in  the  dry  parts  of  Wyoming  and  Montana,  and  grasses 
over  the  rest  of  the  region.  In  the  western  mountains,  the  forests 
consist  mostly  of  ponderosa  pine,  lodgepole  pine,  Douglas  fir,  Alpine 
fir,  and  Engelmann  spruce.  The  Ozark  Highlands  are  characterized 
by  several  species  of  oak,  hickory,  ash,  and  black  walnut. 

In  the  eastern,  more  moist  part  of  the  grasslands,  the  dominant 
species  are  tall  grasses  (bluestem,  needlegrass,  wheatgrass,  and  sand 
grass);  farther  west  short  grasses  (grama  grass  and  buffalo  grass) 
dominate  the  vegetal  cover.  The  boundary  between  the  short-grass 
and  tail-grass  areas  is  not  sharp.  Rather,  there  is  a broad  belt  in 
which  both  tall  and  short  species  grow  and  the  dominance,  if  any,  is 
determined  by  local  conditions  of  soil,  relief,  and  drainage. 

A noteworthy  feature  of  these  grassy  plains  is  the  presence  of  trees 
along  streams,  on  some  north-facing  slopes,  and  in  other  places  where 
soil  moisture  is  greater  than  on  uplands.  These  trees  are  chiefly 
broadleaf  species,  such  as  cottonwood,  willow,  white  elm,  ash,  and  bur 
oak.  Red  cedar  and  ponderosa  pine  are  fairly  common  on  some  of  the 
steep  slopes  along  streams  in  the  plains. 

CLIMATES  OF  THE  MISSOURI  RIVER  BASIN 

General 

Farmers  in  the  Missouri  River  Basin  must  adapt  their  operations 
to  extreme  variations  in  weather.  Unreliability  of  rainfall  and  ex- 
treme temperatures  are  the  two  things  in  particular  that  cause  trouble. 

The  climates  of  this  region  are  continental.  They  are  characterized 
by  extremes  and  great  irregularity  throughout  the  four  distinct  seasons 
of  the  year.  Winters  are  relatively  long  and  cold  over  much  of  the 
basin  while  summers  are  sunny  and  hot.  Spring  is  cool,  moist,  and 
windy,  and  autumn  is  cool,  dry,  and  sunny.  Other  climatic  factors 
important  to  farmers  in  the  Great  Plains  of  the  basin  are  low  humidity, 
much  wind,  excess  of  evaporation  over  precipitation,  and  a great  deal 
of  sunshine. 

If  the  climates  were  uniformly  arid,  semiarid,  or  humid,  the  farmer 
could  easily  select  suitable  types  of  farming,  crops,  and  practices,  and 
calculate  with  some  accuracy  his  chances  of  success.  However,  in 
most  of  the  basin,  years  with  better- than-average  weather — sometimes 
several  in  succession — encourage  farmers  to  grow  crops  and  use  prac- 
tices suited  to  more  humid  regions.  Then  crop  and  livestock  losses 
are  heavy  when  unfavorable  weather  conditions  come. 

The  dominant  climatic  divisions  run  roughly  north  and  south  in 
the  basin  (fig.  4).  The  southeastern  part  is  humid  and  has  a relatively 
long  growing  season.  Here  climatic  conditions  constitute  the  least 
hazard  to  agricultural  production.  The  rest  of  the  eastern  half  has  a 
subhumid  climate,  with  greater  farming  risks.  The  western  part  is 
still  drier  and  cooler  and  has  a shorter  growing  season,  making  agricul- 
tural production  more  difficult  and  hazardous.  In  the  high  mountains 
on  the  western  edge  of  the  basin  the  climate  is  again  humid.  Rainfall 
in  the  mountains  is  the  source  of  most  of  the  water  for  irrigation  and 
other  uses  in  the  western  plains. 

Most  of  the  basin  has  the  level,  undulating,  and  rolling  landscape 
of  the  plains,  but  the  hills  and  mountains  are  large  enough  in  some 
places  to  cause  local  differences  in  climate.  The  Black  Hills  of  South 
Dakota,  surrounded  by  semiarid  grasslands,  are  humid  and  forested. 


U.  S.  DEPARTMENT  OF  AGRICULTURE 

February,  1949 
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state  agencies;  federal  and 
state  geological  maps. 
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Figure  3 

NATURAL  VEGETATION  and  SOIL  ZONES 
OF  THE  MISSOURI  BASIN 
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VI  Mountain  complex  soils. 

VII  Desert  and  Sierozem  (light-gray)  soils.. 
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Figure  4.— The  normal  climate  of  the  eastern  part  of  the  basin  is  humid  and  the  western  part,  except  for  the  mountains,  is  semiarid. 
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The  Big  Horn  Mountains  of  Wyoming  and  smaller  groups  of  mountains 
in  Montana,  form  other  humid  islands  in  the  midst  of  a dry  zone. 
Lesser  local  variations  of  weather  and  climate  are  caused  by  hills, 
bluffs,  escarpments,  and  deep  valleys.  These  variations  take  the 
form  of  lower  or  higher  average  temperatures,  greater  or  lesser  wind 
speeds,  or  greater  or  less  precipitation  than  in  surrounding  country. 

The  map  (fig.  4)  shows  the  distribution  of  normal  climates  in  the 
basin;  that  is,  the  climatic  distribution  based  on  mean  temperature 
and  precipitation  gained  from  years  of  observations.  However,  vari- 
ability characterizes  all  climates  and  especially  those  of  continental 
types.  The  two  following  maps  (figs.  5 and  6)  indicate  the  percentage 
of  years  in  which  the  various  parts  of  the  basin  have,  respectively,  arid 
and  humid  climates,  and  thus  give  some  measure  of  the  variability. 

Temperature , frost , and  the  frost-free  season 

Continental  interiors,  like  the  Missouri  Basin,  are  noted  for  ex- 
tremes of  temperature  as  a result  of  their  distance  from  large  bodies 
of  water  which  are  slow  to  warm  and  cool.  The  basin  is,  moreover, 
influenced  alternately  by  air  masses  from  cold  northern  regions  and 
from  tropical  lands  and  waters.  Therefore,  the  seasonal  variation 
and  daily  range  in  temperature  is  great,  and  violent  temperature 
changes  sometimes  occur  within  a few  hours. 

Average  annual  temperatures  in  the  basin  range  from  about  55°  F. 
in  the  southeast  to  less  than  40°  F.  in  the  northwest.  In  most  places 
the  highest  temperature  recorded  is  at  least  as  high  as  110°  F.  and  the 
lowest  at  least  as  low  as  —20°  F.  Extremes  are  beyond  these  limits 
in  certain  areas. 

The  earth  freezes  every  winter  in  the  basin,  but  it  may  not  remain 
continuously  frozen  everywhere.  In  the  southern  part  and  in  some 
places  along  the  eastern  slopes  of  the  Rocky  Mountains,  the  ground 
usually  freezes  and  thaws  a great  many  times  each  winter. 

The  map  (fig.  7)  shows  the  average  length  of  the  frost-free  season, 
frequently  called  the  growing  season,  in  the  basin  and  the  average 
minimum  and  maximum  monthly  temperatures  at  selected  stations. 

Wind 

The  Great  Plains  part  of  the  Missouri  River  Basin  is  noted  for  windy 
weather.  Winter  winds  are  predominantly  from  the  northwest  and 
west,  while  summer  winds  come  mostly  from  a southerly  direction. 

The  highest  average  annual  wind  speeds  are  about  13  miles  an  hour 
and  occur  in  the  northeastern  part  of  the  basin.  The  greatest  wind 
speeds  recorded  vary  from  about  45  to  70  miles  an  hour,  depending  on 
the  locality.  Strong  winds  are  most  frequent  in  March,  April,  and 
May.  High  winds  and  high  temperatures  result  in  high  evaporation, 
and  dust  storms  result  when  vegetation  is  sparse. 

Blizzards  characterize  the  winter  of  nearly  all  parts  of  the  basin. 
The  blizzard  is  a strong  wind,  usually  northwesterly,  accompanied  by 
low  temperatures,  a variable  but  generally  low  snowfall,  and  drifting- 
snow.  Blizzards  frequently  cause  great  hardship,  loss  of  property, 
and  even  loss  of  life. 

Evaporation  and  transpiration 

In  all  parts  of  the  basin,  the  potential  evaporation  and  transpiration 
are  greater  than  the  precipitation.  Actual  evaporation  is  less  than 
precipitation  only  because  part  of  the  water  is  absorbed  and  held  by 
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Figure  5.— In  some  years  a large  portion  of  the  basin  has  an  arid  climate. 
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Figure  6—  In  some  years  a large  portion  of  the  basin  has  a humid 
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the  soil  and  part  is  lost  by  run-off.  For  these  reasons  moisture  con- 
servation practices  which  decrease  run-off  and  increase  absorption 
by  the  soil  are  extremely  important. 

Climatic  data  for  the  basin  include  little  information  on  the  loss  of 
water  by  evaporation  from  the  soil  and  transpiration  by  plants. 
But  evaporation  from  free  water  surfaces,  such  as  lakes  and  streams, 
is  highest  in  the  area  of  lowest  relative  humidity  in  the  southwestern 
part  and  lowest  in  the  humid  northeastern  part.  However,  the  com- 
bined evaporation  from  soil  and  transpiration  from  plants  is  highest 
in  the  region  of  highest  rainfall  in  the  southeast  and  decreases  pro- 
gressively toward  the  northwest. 

Losses  by  evaporation  from  a free  water  surface  vary  from  about 
20  to  40  inches  a year,  while  evaporation  from  soil  plus  transpiration 
ranges  from  about  10  to  about  30  inches  a year. 

Precipitation 

Autumn,  winter,  and  spring  precipitation  in  the  Missouri  Biver 
Basin  is  generally  frontal  or  cyclonic  storm  precipitation.  This  kind 
of  precipitation,  much  of  which  comes  as  snow,  falls  at  a slow  rate  and 
over  relatively  long  periods.  Individual  storms  cover  areas  as  great 
as  100,000  square  miles. 

Summer  precipitation  is  mostly  rain  of  the  thunderstorm  or  con- 
vectional  type.  These  rains  generally  cover  small  areas  although 
scattered  storms  may  affect  a relatively  large  area  on  any  given  day. 
The  rain  usually  comes  in  the  form  of  short  hard  showers  which  are 
sometimes  accompanied  by  hail  and  strong  winds.  The  great  dis- 
advantage of  this  type  of  rainfall  is  that  so  much  of  it  is  lost  by  run-off 
instead  of  soaking  into  the  soil. 

In  some  places,  notably  the  Black  Hills  of  South  Dakota  and  the 
Big  Horn  Mountains  of  Wyoming,  a third  type  (orographic)  results 
in  total  precipitation  that  is  markedly  higher  than  that  of  the  sur- 
rounding lands. 

The  heaviest  rainfall  comes  when  it  is  most  needed  for  crops  and 
pasture — in  May,  June,  and  July  (fig.  8).  Unfortunately,  much  of  the 
rain  in  these  months  comes  from  torrential  thunderstorms,  and  loss  by 
run-off  is  high. 

The  above  data  do  not  indicate  the  irregularity  and  unreliability 
of  rainfall  from  year  to  year.  In  areas  where  average  rainfall  ap- 
proaches the  minimum  for  crop  production,  this  irregularity  becomes 
extremely  serious.  Less  than  average  rainfall  in  these  areas  means 
crop  failure  or  severe  reductions  in  yields. 

Rainfall  intensities 

The  highest  rainfall  intensities  occur  in  the  southeastern  part  of  the 
basin.  Even  in  the  desert  areas,  however,  cloudbursts  occur  from 
time  to  time  in  which  an  amount  of  water  equivalent  to  a large  part 
of  the  average  annual  precipitation  may  fall  within  a few  horns. 
Most  of  this  water  rushes  off  in  streams  and  may  carry  with  it  consider- 
able sediment.  The  greatest  number  of  very  intense  rainfalls  occur 
in  May,  June,  and  July,  associated  with  thunderstorms. 

The  maps  (figs.  9 and  10)  show  the  maximum  24-hour  rainfall  that 
may  be  expected  once  in  10  years  and  once  in  50  years,  on  the  average. 
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Figure  9. — The  most  intense  rainfall  occurs  in  the  southeastern  part  of  the  basin. 
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Figure  10. — Most  of  the  basin  is  subject  to  intense  rainfall  from  time  to  time. 
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Snowfall 

The  average  annual  snowfall  varies  from  about  20  inches  in  the 
southeast  to  about  200  inches  in  the  western  mountains.  Although 
the  snow  cover  usually  is  not  continuous  through  the  winter  except  in 
some  parts  of  the  mountains,  and  though  much  water  is  lost  by  evap- 
oration, snow  is  an  important  source  of  soil  moisture  and  sometimes 
'contributes  to  spring  floods.  Snow  in  the  mountains  is  the  chief  source 
of  water  for  irrigation. 

Economic  Development 


IMPORTANCE  OF  MISSOURI  BASIN  AGRICULTURE  IN  THE  NATIONAL 

ECONOMY 


Agriculture  in  the  Missouri  River  Basin  represents  an  important 
part  of  the  national  economy.  The  basin  area  of  approximately 
340,000,000  acres  is  about  18  percent  of  the  land  area  of  the  United 
States.  About  one-fourth  of  the  Nation’s  farm  land  and  the  same 
proportion  of  the  harvested  cropland  is  within  the  basin.  In  contrast, 
this  land  is  operated  by  one-tenth  of  the  Nation’s  farmers  (table  1). 


Table  1. — - Comparison  of  agricultural  statistics  for  the  United  States  and  the 

Missouri  River  Basin 


Unit 

Unit 

United 

States 

Missouri 

Basin 

Percent  of 
United 
States  total 

Land  area..  .....  . ... ... 

Million  acres 

1,  905 
1, 142 

340 

17.8 

Land  in  farms 

_ _ do 

282 

24.6 

Cropland  harvested..  _ ... ..... 

. ..do . ...  ; 

353 

91 

25.8 

Number  of  farms..  . . ...  

Thousand...  ..  . 

5,  859 
23,  558 

582 

9.9 

Farm  population 

Thousand  people. . 
Million  dollars 

2,  096 
6,  557 
847 

8.9 

Value  of  land  and  buildings.  ..  _.  

46, 389 
5, 147 
8,  472 

14. 1 

Value  of  farm  implements 

do  . 

16.4 

Value  of  livestock.  ...  .... 

. . do 

1,663 

17.  2 

Source:  1945  Census  of  Agriculture. 


Capital  values  in  agriculture  in  the  area  represented  an  investment 
of  about  $9,000,000,000  in  1945.  The  value  of  land  and  buildings 
accounted  for  6.6  billion  dollars  of  this  total.  Farmers  sold  2.7 
billion  dollars’  worth  of  products  in  1944.  This  is  the  sum  of  1.6 
billion  in  livestock  sales,  900  million  from  the  sale  of  crops,  1.3  million 
from  forest  products,  and  200  million  in  products  used  in  the  farm 
home. 

Sales  of  live  animals,  wool,  and  meat  amounted  to  1.2  billion  dollars 
and  were  the  major  source  of  income  in  comparison  with  185  million 
dollars  from  dairy  products  and  197  million  dollars  from  poultry  and 
poultry  products  (table  2). 


Table  2. — Value  of  livestock  and  livestock  products  sold,  1944,  Missouri  River  Basin 


Commodity 


Live  animals,  wool,  meat,  etc 

Dairy  products _ 

Poultry  and  poultry  products 

All  livestock  and  livestock  products  sold. 


United  States 

Missouri  River 
Basin 

. $4,527,000,000 
. 2,  531, 000, 000 

1,  587, 000, 000 
. 8,  645, 000, 000 

$1, 220, 000, 000 

185.000. 000 

197. 000,  000 
1,  602, 000, 000 

Percent  of 
United 
States 
total 


27- 

7 

12 

19 


Source:  1945  Census  of  Agriculture. 
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More  than  half  of  the  crops  produced  in  the  Missouri  Basin  are  fed 
to  livestock.  The  crops  produced  in  1944  were  valued  at  2.1  billion 
dollars  compared  with  14.4  billion  for  the  United  States.  The  major 
(crops  in  dollars  were:  Corn,  813,000,000;  wheat,  495,000,000;  oats, 
169,000,000;  alfalfa,  110,000,000;  and  barley,  104,000,000.  An  impor- 
tant part  of  the  rye,  flax,  and  sugar  beets  grown  in  the  United  States 
is  produced  in  the  basin  (table  3). 


Table  3. — Value  of  crops  produced,  1944,  Missouri  River  Basin 


Crop 

United  States 

Missouri 

Basin 

Percent  of 
United 
States 
total 

Value  of  specified  crops  1 - _ _ _ . 

$14, 440, 000, 000 
1, 459,000,000 
3,  291, 000,000 

721. 000.  000 

262. 000,  000 

23. 000.  000 

60. 000.  000 

307. 000.  000 

606.000.  000 
73, 000, 000 

520,000, 000 

$2, 090, 000, 000 

495. 000.  000 

813. 000.  000 

169. 000,  000 

104. 000. 000 
9, 000, 000 

28, 000, 000 

46. 000.  000 

110. 000.  000 

26. 000. 000 
35, 000, 000 

14 

All  wheat-.  _ . . . . 

34 

All  corn 

25 

Oats  threshed 

23 

Barley  threshed.  ..  

40 

Rye  threshed 

39 

Flax  threshed  . . 

47 

Sorghum.  ..  . 

15 

Alfalfa  cut  for  hay  . _ 

18 

Sugar  beets.  ... ..  

36 

Irish  potatoes. 

7 

1 Includes  some  crops  not  listed  in  this  table  but  does  not  include  all  minor  crops. 
Source:  1945  Census  of  Agriculture. 


The  larger  part  of  the  farm  livestock  investment  is  in  cattle.  The 
value  of  all  cattle  on  farms  at  the  beginning  of  1945  was  1.7  billion 
dollars,  compared  with  245  million  in  hogs  and  102  million  in  sheep 
(table  4). 


Table  4. — Value  of  specified  livestock  on  farms,  Jan.  1,  1945 , Missouri  River  Basin 


Type 

United  States 

Missouri 

Basin 

Percent 
of  United 
States 
total 

Horses  and  mules 

$974,000,000 

5,603,000,000 

359. 000.  000 

988.000. 000 

$99,000,000 
1, 145, 000, 000 
102, 000, 000 
245,000,000 

10 

Cattle . .....  . 

20 

Sheep  .. 

28 

Hogs 

25 

Source:  1945  Census  of  Agriculture. 


RELATION  OF  PHYSICAL  FEATURES  TO  ECONOMIC  DEVELOPMENT 

Certain  broad  relations  of  climate  and  land  resources  have  in- 
fluenced the  development  of  land  and  water  utilization  and  policy. 

In  the  humid  parts  of  the  country  where  precipitation  exceeds  the 
needs  of  agricultural  production,  control,  and  removal  of  excess  water 
has  always  been  a problem.  In  such  areas  Federal  and  State  programs 
have  emphasized  navigation,  flood  control,  drainage,  and  control  of 
erosion.  Water  rights  have  developed  under  the  riparian  doctrine 
which  bases  the  right  to  water  use  on  the  ownership  of  land  contiguous 
to  a stream. 

In  the  more  arid  West,  precipitation  is  insufficient  for  crop  produc- 
tion. The  mountains  yield  excess  water  but  supplies  from  mountain 
streams  are  inadequate  for  all  lands  that  might  be  irrigated.  Special 
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Federal  and  State  programs  have  been  developed  to  stimulate  the 
productive  use  of  water  for  irrigation  in  the  West.  Water  rights 
developed  under  the  doctrine  of  prior  appropriation.  This  doctrine 
emphasizes  beneficial  use  and  affords  protection  to  enterprises  for 
diverting  waters  and  applying  them  to  lands  regardless  of  whether 
they  are  contiguous  to  water  courses. 

The  transition  between  these  two  major  climatic  zones  with  their 
varying  history  in  water  and  land-use  policy  takes  place  in  the  Great 
Plains  part  of  the  Missouri  Basin  in  an  area  of  highly  variable  climate 
and  an  unstable  agriculture.  In  the  development  of  the  basin,  the 
divergent  humid  and  arid  water  policies  have  created  acute  problems. 
In  compromising  these  conflicts  new  policies  must  be  developed  that 
recognize  this  transition  zone. 

To  facilitate  description  of  the  Missouri  River  Basin  and  its  prob- 
lems, the  basin  has  been  divided  into  four  areas  which  comprise  a very 
broad  grouping  of  physical  land  resources  (fig.  11). 

Upper  watershed. — This  area  in  the  upper  reaches  of  the  basin 
has  a high  eleveation,  mostly  above  5,000  feet.  It  is  composed  of 
mountains,  mountain  valleys,  intermountain  basins,  and  high 
plateaus.  It  contains  the  largest  area  of  forest  land  in  the  basin 
and  is  the  source  of  most  of  the  water  for  irrigation.  Except  for 
irrigated  areas,  the  land  is  suitable  only  for  limited  cultivation. 
However,  its  use  for  grazing,  timber,  recreation,  mining,  and  water 
yield  makes  this  an  area  of  great  importance. 

Western  plains. — -This  area  contains  the  great  expanse  of  the 
semiarid  plains  broken  by  the  Black  Hills  where  conditions  are 
similar  to  those  found  in  the  Rocky  Mountains.  The  area  con- 
tains about  half  of  the  existing  irrigation  of  the  basin.  In  favored 
locations  dryland  wheat  farming  has  been  successful,  but  rainfall 
is  low  and  uncertain  and  production  risk  is  high  on  most  of  the 
nonirrigated  cropland.  Wind  erosion  is  a serious  problem. 

Eastern  plains. — In  this  subhumid  area,  conditions  are  more 
favorable  to  crop  production  than  in  the  upper  watershed  or  the 
western  plains.  Although  rainfall  is  ample  for  bumper  crops  in 
some  years,  in  other  years  crops  fail  for  lack  of  water.  The 
result  is  a highly  variable  production.  While  irrigation  has  not 
been  practiced  extensively  in  the  past,  this  area  contains  most  of 
the  large  projects  proposed  in  the  Pick-Sloan  plan. 

Lower  basin. — This  southeastern  part  of  the  basin  contains 
parts  of  two  physiographic  provinces — the  central  prairies  and 
Ozark  highlands.  The  climate  is  humid  and  where  soils  are  fertile 
production  is  high.  Except  for  the  Rocky  Mountain  areas, 
water  run-off  in  this  area  exceeds  any  other  part  of  the  basin,  and 
soil  erosion  is  seriously  damaging  the  most  productive  land. 
Forests  now  occupy  40  percent  of  the  land  area  in  the  Ozark 
highlands  although  75  percent  was  originally  in  forest  cover. 
Overcutting,  repeated  burning,  overgrazing,  and  attempts  at 
land  clearing  have  reduced  the  original  forests  to  a mere  shadow 
in  both  volume  and  quality.  These  wooded  lands  no  longer  have 
much  commercial  value,  but  they  can  be  improved  to  provide  a 
greater  contribution  to  the  local  economy. 
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Figure  ll. 
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POPULATION 

In  1940  the  population  of  the  Missouri  Basin  area  was  about 
6,986,000  of  which  about  55  percent  was  in  the  lower  basin.  The 
upper  watershed  had  only  4 percent  of  the  basin’s  population.  In  the 
early  days  of  settlement  most  of  the  people  in  the  basin  lived  on  farms 
or  in  small  towns.  In  1920  about  45  percent  lived  on  farms,  compared 
with  37  percent  in  1940  and  about  34  percent  at  the  present  time. 
The  proportion  of  the  population  living  on  farms  is  smallest  in  the 
upper  watershed  and  highest  in  the  eastern  plains  (table  5). 


Table  5. — Total  population , farm  population , and  proportion  of  total  population  on 
farms,  1940,  Missouri  River  Basin  1 


Area 

Total  popu- 
lation 

Farm  popu- 
lation 

Proportion 
of  total 
population 
on  farms 

Upper  watershed  - - 

301, 627 
1, 372, 321 
1, 479, 932 
3,  831, 818 

82, 205 
453,369 
760, 436 
1, 295,  542 

27.3 

Western  plains  . 

33.0 

Eastern  plains  --  - - 

51.4 

Lower  basin.  . ..  . 

33.8 

Total 

6, 985, 698 

2,  591,  552 

37.1 

i These  estimates  have  been  computed  by  including  those  counties  along  the  border  with  more  than  half 
of  their  area  within  the  basin. 

Source:  1940  United  States  census. 


Loss  of  population 

A major  concern  of  the  people  of  the  Missouri  Basin  is  the  failure  of 
its  population  to  keep  pace  with  the  population  growth  of  the  Nation 
as  a whole.  Although  the  national  population  has  increased  more  than 
30  percent  since  1920,  the  population  of  the  basin  has  increased  very 
little.  The  farm  population  of  the  basin  reached  its  peak  about  1920, 
but  an  ensuing  small  decline  was  recovered  by  1933.  From  that  time 
farm  population  showed  a steady  decline  until  1945.  From  1933  to 
1945  the  loss  was  about  750,000  farm  people  or  25  percent.  The  loss 
has  been  relatively  greater  than  in  the  rest  of  the  United  States. 
After  World  War  II  there  was  some  return  to  the  farm  in  parts  of  the 
basin,  but  there  is  evidence  that  the  farm  population  is  again  declining. 
The  nonfarm  population  of  the  basin  has  shown  an  increase  of  26  per- 
cent since  1920,  but  it  too  falls  behind  the  55-percent  increase  in  the 
nonfarm  population  of  other  parts  of  the  Nation  and  does  not  make  up 
for  the  loss  in  farm  population  (fig.  12). 

These  trends  have  occurred  in  spite  of  the  large  natural  increase  in 
the  area.  Migration  to  other  areas  has  about  equaled  the  natural 
increase  in  the  basin’s  population.  For  example,  Nebraska  had  a net 
emigration  of  21,000  annually  from  1935  to  1940;  30,000  annually  from 
April  1,  1940,  to  June  30,  1941;  14,000  annually  from  July  1,  1941,  to 
June  30,  1945;  and  11,000  annually  from  July  1,  1945,  to  June  30,  1947. 
The  total  loss  of  population  by  emigration  in  this  period  of  12  years 
was  228,000,  or  18  percent  of  the  1947  population  of  the  State.  Com- 
parable emigration  has  occurred  in  other  parts  of  the  Missouri  Basin. 
Much  of  the  loss  has  been  from  the  farm  population.  This  loss  in 
population  has  contributed  to  the  lack  of,  or  high  per  capita  cost  of, 
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such  public  services  as  health  facilities,  schools,  and  electric  power  in 
the  more  sparsely  populated  areas. 

To  the  extent  that  these  migrants  find  better  opportunities  else- 
where, these  adjustments  have  been  desirable  from  a national  view- 
point. The  increase  in  size  of  farms  resulting  from  the  decrease  in 
number  of  farms  has  meant,  in  most  cases,  better  farm  organization 
and  higher  farm  income.  But  the  people  inj the  basin  are  asking: 
Why  not  create  opportunities  for  these  people  in  the  Missouri  Basin? 
Local  people  want  their  communities  to  grow  as  fast  as  the  rest  of 
the  country.  They  are  requesting  and  are  ready  to  support  and  par- 
ticipate in  sound  development  programs  that  promise  a sustained 
production  in  agriculture,  and  a steady  growth  in  industries,  services, 
and  trade.  Such  developments  would  provide  a sound  base  for  a 
stable  and  growing  population. 

Density  oj  jarm  population 

The  population  pattern  of  the  Missouri  Basin  reveals  that  the  high 
density  of  farm  population  is  in  the  southeast.  This  density  dimin- 
ishes in  the  western  and  northwestern  sections.  The  greatest  density 
is  to  be  found  in  western  Iowa,  Missouri,  northeastern  Kansas,  east- 
ern Nebraska,  and  the  southeastern  corner  of  South  Dakota.  The 
wheat-growing  area  of  the  Dakotas,  Nebraska,  and  Kansas  is  next  in 
population  density.  The  range  and  mountain  areas  have  the  lowest 
density.  Scattered  through  the  western  area  are  more  densely  settled 
irrigated  valleys.  These  are  not  shown  by  figure  13  which  is  based 
on  county  averages.  But  the  high  density  in  Scotts  Bluff  County  in 
western  Nebraska,  where  irrigation  agriculture  is  practiced  to  a large 
extent,  is  discernible. 

NUMBER  OF  FARMS 

In  1945  there  were  about  582,000  farms  and  about  282,000,000 
acres  in  farms  in  the  Missouri  Basin.  The  average  size  of  farms  was 
485  acres.  More  than  half  of  the  farms  (302,000)  were  in  the  lower 
basin.  This  area  also  had  the  smallest  farms,  averaging  173  acres. 
In  contrast,  the  upper  watershed  had  only  16,000  farms,  less  than 
3 percent,  with  an  average  size  of  more  than  1,500  acres  (table  6). 


Table  6. — Number  and  average  size  of  farms  by  areas,  Missouri  River  Basin 


Area 

Number  of 
farms 

Land  in 
farms 

Average 

size 

Upper  watershed 

15, 738 
91, 835 
173,  245 
301, 172 

Acres 
24, 310,  529 
128,  723,  779 
76,  985, 113 
52,  033,  596 

Acres 
1,  545 
1,402 
444 
173 

Western  plains _ _ 

Eastern  plains.-  ...  . . .... 

Lower  basin. . . 

Total ... 

581, 990 

282,  053, 017 

485 

Source:  1945  Census  of  Agriculture. 


From  1935  to  1945  the  number  of  farms  in  the  basin  declined  116,000 
or  16.7  percent  (table  7).  The  maximum  number  of  farms  was  prob- 
ably reached  in  1935.  The  decrease  during  the  period  1935  to  1945 
due  to  drought,  depression,  and  the  wrar  period  was  so  severe  that  the 
basin  probably  has  fewer  farms  now  than  in  1910.  In  Nebraska  and 
Kansas  there  were  less  farms  in  1945  than  in  1890,  in  Iowa  and  Mis- 
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souri  less  than  in  1900,  in  North  and  South  Dakota  less  than  1910, 
and  in  Montana,  Wyoming,  and  Colorado  less  than  in  1920. 

Much  of  the  land  was  homesteaded  in  160-acre  units.  The  subse- 
quentf consolidation  has  been  mainly  the  result  of  the  mechanization 
of  farming,  drought,  and  depression,  which  forced  many  farmers  from 
the  land,  and  the  opportunities  for  wartime  industrial  employment, 
which  attracted  many  others. 

Production  has  not  declined  as  a result  of  reduction  in  the  number 
of  farms.  The  land  has  been  absorbed  into  adjoining  farms,  for 
mechanization  enables  one  man  to  handle  more  land. 


Table  7. — Trend  in  the  number  of  farms  by  areas , Missouri  River  Basin , 1980-45 


Area 

1930 

1935 

1940 

1945 

Decrease  in  number 
of  farms  1935  to  1945 

Number 

Percent 

Upper  watershed 

16, 917 
121, 054 
206, 121 
323,083 

18,  755 
125,  868 
213,  265 
340,  381 

16,  635 
102, 185 
188,  507 
315,  289 

15,  738 
91,  835 
173,  245 
301, 172 

3, 017 
34, 033 
40, 020 
39, 209 

16.1 

27.0 

18.8 

11.5 

Western  plains 

Eastern  plains 

Lower  basin 

Total 

667, 175 

698,  269 

622,  616 

581,  990 

116, 279 

16.7 

Source:  1945  Census  of  Agriculture,  1940  U.  S.  Census. 


LAND  USE 

The  Missouri  Basin’s  land  area  is  largely  utilized  in  agriculture 
with  83  percent  of  the  land  in  farms  in  1945.  Iu  the  lower  basin 
92  percent  was  in  farms,  in  the  eastern  plains  94  percent,  in  the 
western  plains  84  percent,  and  in  the  mountainous  upper  watershed 
only  50  percent.  Much  of  the  upper  watershed  is  in  public  ownership. 
Although  it  is  not  included  in  farms  and  ranches,  most  of  it  is  used 
for  grazing. 

With  the  exception  of  parts  of  Missouri,  the  eastern  portion  of  the 
basin  has  the  highest  intensity  of  cultivation  (fig.  14).  In  general, 
the  proportion  of  cropland  declines  from  east  to  west  in  the  basin, 
except  where  conditions  are  favorable  for  wheat  production  or  where 
irrigation  agriculture  is  important.  The  principal  exception  is  found  in 
the  Ozark  highlands  where  the  proportion  of  cropland  is  relatively 
small. 


Table  8. — Land  use  in  the  Missouri  Basin 

Type  of  use 

Area 

Cropland.. 

Million 

acres 

113 

175 

45 

7 

Grassland 

Forest  and  woodland 

Other  uses 

Total 

340 

Cropland  in  the  basin  is  estimated  at  113,000,000  acres,  including 
rotation  hay  and  pasture,  at  the  present  time.  There  are  175,000,000 
acres  of  open  grassland.  Forest  and  woodland  are  estimated  at 
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45,000,000  acres,  some  of  which  are  used  for  grazing.  Other  uses,  such 
as  roads,  towns  and  parks,  account  for  7,000,000  acres. 

In  the  lower  basin  and  the  eastern  plains,  more  than  half  of  the 
land  is  used  for  crops  compared  with  18  percent  in  the  western  plains 
and  only  5 percent  in  the  upper  watershed.  Seventy  percent  of  the 
cropland  in  the  basin  is  located  in  the  eastern  plains  and  the  lower 
basin. 

Grassland  is  of  major  importance  in  all  parts  of  the  basin.  The 
nighest  proportion  of  grassland  occurs  in  the  western  plains  with 
63  percent,  and  the  upper  watershed  with  59  percent.  In  the  eastern 
plains  39  percent  of  the  land  is  in  grass  and  in  the  lower  basin  28  percent. 

Forest  and  woodlands  are  important  as  a land  use  in  the  upper 
watershed,  the  western  plains,  and  the  lower  basin  but  occupy  a small 
portion  of  the  lands  in  the  eastern  plains.  A large  part  of  the  forest 
and  woodland  in  the  two  western  areas  is  in  national  forests  and  on 
other  public  land,  but  in  the  lower  basin  it  is  on  private  land,  much 
of  which  is  in  farm  units. 

According  to  the  Census  of  Agriculture,  irrigated  land  in  the 
Missouri  Basin  increased  by  more  than  1,000,000  acres  from  1934  to 
1944,  and  the  farms  reporting  irrigation  increased  by  3,600  (table  9). 
The  increase  in  farms  was  entirely  in  the  plains  areas.  In  the  upper 
watershed  and  the  lower  basin,  there  was  a decrease  in  the  number 
of  irrigated  farms. 


Table  9. — Irrigated  land  in  farms  1934 , 1939,  and  1944,  Missouri  River  Basin  1 


Year 

Farms  report- 
ing 

Area  irrigated 

1934  

Number 
34, 300 

36,  700 

37,  900 

Acres 

2. 853. 000 

3. 650. 000 
3,  903, 000 

1939 

1944 

1 The  Census  of  Agriculture  reports  land  irrigated  as  reported  by  individual  farmers.  The  figure  is 
generally  somewhat  smaller  than  that  obtained  through  the  Census  of  Irrigation  which  is  taken  from 
managers  of  irrigation  enterprises.  For  example,  the  Census  of  Agriculture  reported  3,650,000  acres 
irrigated  in  the  Missouri  Basin  in  1939,  and  the  Census  of  Irrigation  reported  4,400,000. 

About  70  percent  of  the  farms  in  the  upper  watershed  reported 
irrigation.  Irrigation  is  also  important  in  the  western  plains  although 
only  25  percent  of  the  farms  there  reported  water  used  for  that 
purpose.  Irrigation  was  practiced  on  a very  small  proportion  of  the 
farms  in  the  eastern  plains  and  the  lower  basin.  In  the  Missouri 
Basin  as  a whole  only  6.5  percent  of  the  farms  reported  some  land 
irrigated  in  1944  (table  10). 


Table  10. — Proportion  of  farms  reporting  irrigation  in  1944,  by  areas,  Missouri 

River  Basin 


Area 

All  farms 

Farms  reporting  irrigation 

Upper  watershed  ..  .... 

Number 
15, 738 
91, 835 
173, 245 
301, 172 

Number 
11, 107 
22,  862 
3, 813 
134 

Percent 

70.6 

24.9 

2.2 

Western  plains  - --  --  - 

Eastern  plains  - - 

Lower  basin  - _ __  _ 

Total - - 

581, 990 

37, 916 

6.5 

Source:  1945  Census  of  Agriculture. 
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FARM  INCOME 

The  Missouri  Basin  has  experienced  wide  extremes  in  total  farm 
income.  Drought  and  low  prices  combined  to  produce  very  low  farm 
income  during  the  1930’s  in  contrast  with  the  favorable  weather  and 
high  prices  which  combined  to  produce  high  farm  income  during  the 
1940’s. 

Income  from  the  sale  of  crops  has  been  especially  erratic.  The 
year-to-year  variation,  compared  to  the  average  of  the  24-year  period 
1924  to  1947,  is  given  in  figure  15.  The  period  from  1924  to  1929  was 
relatively  stable  at  about  the  24-year  average.  In  the  drought 
period  1931  to  1940  income  from  the  sale  of  crops  was  very  low.  The 
low  point  of  the  period  occurred  in  1934.  Wartime  demand  and 
prices  and  almost  ideal  weather  produced  the  record-breaking  income 
of  the  period  1942  to  1947.  In  1947,  income  from  crops  reached  a 
high  of  over  three  times  the  average  of  the  24-year  period.  But 
during  periods  of  high  prices,  farm  costs  increase  so  much  that  a 
decline  in  income  through  either  drought  or  price  decline  results  in 
farm  distress. 

About  45  percent  of  the  farm  income  was  produced  in  the  lower 
basin,  where  livestock  and  livestock  product  sales  exceeded  crop  sales 
four  to  one.  The  eastern  plains  produced  about  30  percent  of  the  total 
income.  In  this  area,  sale  of  crops  was  more  important  as  a source 
of  income  than  livestock  and  livestock  products.  Although  the  upper 
watershed  and  the  western  plains  combined  has  about  60  percent  of 
the  land  area,  they  produced  only  25  percent  of  the  total  income 
(table  11). 

Table  11. — Value  of  farm  products  sold  or  used  by  farm  households  by  areas , 
Missouri  River  Basin,  1944 


[In  thousands  of  dollars] 


Area 

Total 

Crop 

Livestock 
and  live- 
stock prod- 
ucts 

Forest 1 
products 

Used  by 
farm 
house- 
holds 

Upper  watershed  . ..  - - . 

103, 361 

26, 331 

72, 078 

66 

4,886 

Western  plains 

559, 640 

242,  584 

287, 997 

155 

28, 904 

Eastern  plains.  - - - - - - 

833, 337 

400,  636 

373,011 

121 

59,  569 

Lower  basin..  . . ..  

1,209,  550 

233,  504 

868, 857 

923 

106,  266 

Total 

2,  705, 888 

903, 055 

1,601,973 

1,265 

199,  625 

i Does  not  include  timber  cut  from  national  forests  and  other  land  not  considered  in  farms. 
Source:  1945  Census  of  Agriculture. 


Income  per  acre  is  highest  in  the  Corn  Belt  areas  of  Iowa  and  Ne- 
braska (fig.  16).  The  wheat  and  general  farming  areas  are  next  as 
income  producers.  The  grassland  areas  generally  are  lowest  in  income 
per  acre,  except  for  those  counties  that  have  considerable  irrigated  land. 

Low-income  farms 

Widely  fluctuating  farm  income  is  a major  problem  in  the  Missouri 
Basin.  However,  there  is  also  a problem  of  chronic  low-income  farms. 
In  1944,  149,000  farms,  or  26  percent  of  all  farms,  had  gross  incomes 
of  less  than  $1,500,  representing  only  4 percent  of  the  total  farm  income 
in  the  Missouri  Basin.  The  distribution  of  these  farms  by  counties 
is  shown  in  figure  17. 


FARM  INCOME  FROM  SALE  OF  CROPS,  MISSOURI  RIVER  BASIN 

INDEX  NUMBERS  (1924-47  = 100) 
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SOURCE:  INDEX  FOR  MISSOURI  BASIN  COMPUTED  BY  USING  BUREAU  OF 
AGRICULTURAL  ECONOMICS  CROP  INCOME  ESTIMATES  BY  STATES.  EACH  STATE 
GIVEN  A WEIGHT  EQUAL  TO  ITS  CONTRIBUTION  TO  BASIN  CROP  INCOME  IN  1944 

Figure  15.— Extreme  variation  in  income  from  the  sale  of  crops  characterize  the  basin. 
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Figure  16.— The  Corn  Belt  area  of  western  Iowa  and  eastern  Nebraska  is  the  highest  producer  of  farm  products. 


62 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


Figure  17— One-third  of  the  farms  reporting  incomes  under  $1,500  are  small-scale  farms  with  little  nonfarm  income. 
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In  the  group  of  149,000  farms  with  incomes  of  less  than  $1,500  are 
many  part-time  units  or  rural  residences.  The  operators  of  these  units 
are  only  partially  dependent  on  the  farm  for  their  livelihood.  The 
problem  farms  are  those  small-income  units  with  no  other  source  of 
income.  Although  exact  information  on  this  type  of  unit  is  not  avail- 
able for  the  Missouri  Basin,  small-scale  farms  in  the  area  are  estimated 
at  about  50,000  in  number.1  These  units  are  characterized  by  a small 
investment  in  land,  small  acreage  of  cropland,  small  investment  in 
livestock,  and  inadequate  machinery  and  equipment.  Few  of  them 
have  running  water,  electricity,  telephones,  and  other  modern  fa- 
cilities. 

In  many  cases  these  small-scale  farms  are  on  land  that  presents  a 
serious  problem  of  erosion  control.  The  farmers  are  often  financially 
unable  to  participate  in  conservation  programs.  Public  programs  of 
education  and  assistance  in  land  conservation  are  confronted  with 
special  problems  of  reaching  this  group  of  farmers.  As  this  important 
group  often  has  numerous  representatives  in  critical  areas,  special 
provisions  are  needed  to  meet  this  situation. 

FARM  VALUATION 

The  total  farm  valuation  in  the  Missouri  Basin  in  1945  was  9.1 
billion  dollars  with  about  half  of  the  total  value  in  the  lower  basin. 
The  largest  investment,  6.6  billion  dollars,  was  in  land  and  buildings. 
The  value  of  livestock  was  1.7  billion,  and  farm  implements  were 
valued  at  0.8  billion. 

The  highest  values  center  around  the  Corn  Belt  area  of  western 
Iowa  and  eastern  Nebraska  (fig.  18). 

LAND  OWNERSHIP  AND  TENURE 

Land  ownership 

About  72,000,000  acres  of  the  340,000,000  in  the  Missouri  Basin  are 
in  public  ownership.  Farm  operators  own  about  147,000,000  acres 
and  the  rest  is  owned  by  nonfarm  individuals  or  private  institutions. 
Public  ownership  is  concentrated  in  the  western  part  of  the  basin. 
More  than  one-half  of  the  land  in  the  upper  watershed  is  publicly 
owned  and  one-fourth  of  the  land  in  the  western  plains  is  so  owned. 
In  contrast,  only  5 percent  of  the  land  in  the  eastern  plains  is  in  public 
ownership,  and  in  the  lower  basin  less  than  one-half  million  acres 
(fig.  19). 

Farm  operators  own  48  percent  of  the  land  in  the  lower  basin.  The 
western  plains  and  the  eastern  plains  are  nearly  as  high  with  46  and  43 
percent.  In  the  upper  watershed  farm  operators  own  30  percent  of  the 
land.  Nonfarm  individuals  and  private  institutions  form  the  largest 
ownership  group  in  the  eastern  plains  and  the  lower  basin  with  more 
than  half  of  the  land.  In  the  western  plains,  this  group  owns  29  per- 
cent, and  in  the  upper  watershed  10  percent. 

Both  Federal  and  State  ownership  are  concentrated  in  the  upper 
watershed  and  the  western  plains  (table  12).  The  major  agencies  that 
administer  land  in  Federal  ownership  are  the  Bureau  of  Land  Manage- 
ment, the  Forest  Service,  and  the  Office  of  Indian  Affairs.  School 
endowment  lands  represent  the  major  type  of  State  ownership. 

1 Estimate  based  on  comparison  of  the  1945  sample  census  for  the  Missouri  Basin  States  with  the  farm- 
income  distributions  in  the  Missouri  Basin 
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Figure  18—  Farm-land  values  are  generally  higher  in  the  Corn  Belt  area  than  in  other  parts  of  the  basin. 


LAND  OWNERSHIP  BY  MAJOR  AREAS  OF  THE  MISSOURI  RIVER  BASIN 
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Figure  19.— Public  ownership  occurs  mostly  in  the  western  Plains  and  upper  watershed  areas. 
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Table  12. — Federal  and  State-owned  lands , by  areas,  Missouri  River  Basin 


[Thousand  acres] 


Type  of  ownership 

Upper 

water- 

shed 

Western 

plains 

Eastern 

plains 

Lower 

basin 

Total 

Federal: 

Bureau  of  Land  Management 

9,877 

7,161 

61 

1 

17, 100 

Forest  Service 

12, 439 

4,204 

1 

145 

16,  789 

Soil  Conservation  Service __ 

4, 582 

58 

14 

4,  654 

National  defense ..  ...  

96 

1,081 

133 

112 

1,422 

Parks  and  wildlife  ------  . ...  

1,626 

786 

202 

37 

2,651 

Indian  lands.. . ...  . . 

2,013 

10, 478 

1,662 

104 

14,  257 

Other 

18 

170 

25 

4 

217 

Total  Federal 

26,  069 

28,  462 

2, 142 

417 

57,  090 

State: 

Forest .. 

112 

99 

211 

Parks . ... 

2 

6 

8 

2 

18 

Credit  agencies 

14 

19 

33 

School  lands 

3,078 

9,246 

2, 652 

17 

14, 993 

Total  State 

3, 192 

9, 365 

2,679 

19 

15, 255 

Total  Federal  and  State 

29,  261 

37, 827 

4,  821 

436 

72, 345 

Source:  Compiled  by  B AE  in  cooperation  with  SCS  from  various  sources.  Data  are  from  different  years 
but  mostly  since  1945. 


Tenure  of  farm  operators 

In  1945,  234,000,  or  40  percent,  of  the  farm  operators  in  the  Missouri 
Basin  owned  all  the  land  they  operated;  143,000  farm  operators,  or  24 
percent,  owned  part  of  their  farms  and  rented  part.  Thus  64  percent 
of  the  farm  operators  owned  some  land.  There  were  202,000  tenant 
operators  that  did  not  own  any  of  the  land  in  their  farms.  This 
group  made  up  35  percent  of  the  farm  operators.  Only  1 percent  of 
the  farms  were  operated  by  hired  managers.  The  proportion  of  full 
owners  was  highest  in  the  upper  watershed  and  lower  basin,  and  lowest 
in  the  eastern  plains.  The  proportion  of  part  owners  was  highest  in 
the  western  plains,  and  lowest  in  the  lower  basin.  There  was  not  so 
much  variation  in  the  proportion  of  full  tenants.  The  eastern  plains 
was  highest  with  38  percent,  and  the  upper  watershed  lowest  with  23 
percent  (table  13). 

Share  leasing  is  the  predominant  type  of  lease  in  all  areas.  Com- 
bination share-cash  leases  account  for  about  a third  of  the  leases  in  the 
eastern  plains  and  the  lower  basin,  but  are  less  important  in  the  upper 
watershed  and  the  western  plains.  About  a third  of  the  leases  in  the 
upper  watershed  were  cash  leases,  compared  with  a fourth  in  the 
western  plains  and  the  lower  basin.  Only  6 percent  of  the  leases  in  the 
eastern  plains  were  for  cash. 

Relation  of  farm  ownership  and  tenure  to  land  management  and 

conservation 

Effective  conservation  programs  depend  on  the  full  cooperation  of 
both  owners  and  operators  of  land.  This  is  the  case  whether  improved 
techniques  of  management,  practices  to  protect  land,  or  structures  for 
retarding  waterflow  are  involved. 

Many  kinds  of  land  improvements  are  costly,  but  most  will  pay  for 
themselves  in  time.  Once  owner-operators  understand  the  benefits 
to  be  derived,  most  of  them  will  feel  like  going  ahead  with  their  share 
of  the  necessary  improvements.  But  owner-operators  are  not 
always  able  to  finance  the  improvements. 
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When  ownership  and  operatorship  are  separated,  as  is  the  case  with 
more  than  half  the  land  in  the  basin,  the  problems  are  more  compli- 
cated. There  is  the  question  of  equitable  distribution  of  costs  and 
returns  between  landlord  and  tenant  for  improvements.  New 
practices  often  require  new  standards.  Existing  legislation  and 
custom  are  often  inadequate  as  guides  for  landlords  and  tenants  when 
new  measures  or  new  methods  are  involved. 

Tenants  may  lack  incentives  because  returns  on  investments  often 
are  spread  over  many  years,  but  few  tenants  have  any  assurance  of  a 
lease  beyond  the  current  year.  There  is  little  incentive  for  them  to 
invest  or  put  forth  effort  if  there  is  no  assurance  of  being  able  to  share 
in  the  benefits.  Furthermore,  when  a tenant  invests  his  own  funds 
and  effort  to  improve  the  land  he  needs  to  be  assured  that  the  landlord 
will  not  increase  the  rent  because  of  the  improvement. 


Table  13. — Tenure  status  of  farm  operators  by  areas,  Missouri  River  Basin 


Area 

Total  number 
of  farms 

Full  owners 

Part  owners 

Tenants 

Managers 

Number 

Per- 

Number 

Per- 

Number 

Per- 

Number 

Per- 

Number 

Per- 

cent 

cent 

cent 

cent 

cent 

Upper  watershed 

15,  738 

100 

8,246 

52 

3, 615 

23 

3,  554 

23 

323 

2 

Western  plains.. 

91, 835 

100 

29, 976 

33 

36,  502 

39 

24, 666 

27 

691 

1 

Eastern  plains 

173, 245 

100 

48,  450 

28 

56,  333 

33 

67,  943 

38 

519 

1 

Lower  basin 

301, 172 

100 

147. 198 

49 

46,  645 

15 

106, 118 

35 

1, 211 

1 

Total 

581,  990 

100 

233,  870 

40 

143, 095 

24 

202,  281 

35 

2,744 

1 

Source:  1945  Census  of  Agriculture. 


Thus,  conservation  programs  can  be  accelerated  when  problems  of 
finance  for  both  owners  and  tenants,  equitable  distribution  of  returns, 
equitable  landlord-tenant  relationships,  and  increased  ownership  by 
operators  receive  adequate  consideration. 

FOREST  LANDS 

The  forest  lands  of  the  Missouri  Basin  comprise  only  14  percent  of 
the  area,  but  they  are  of  vital  importance  to  the  people  of  the  basin. 

The  term,  “forest  land,”  is  used  here  to  include  intermingled  and 
adjoining  forest  range  lands,  mountain  peaks  above  the  timber  line, 
and  small  wooded  areas  scattered  throughout  the  farming  areas  of  the 
Plains  States.  Lands  not  supporting  trees  at  present  but  which  are 
better  adapted  to  forest  than  any  other  use  likewise  are  included  in 
the  forest  lands.  The  distribution  of  forest  land  by  ownership  is: 


Acres 

National  forest 16,  345,  000 

Other  Federal  ownership 5,  089,  000 

State,  county,  and  municipal 566,  000 

Private  farm  (including  shelterbelts  and  windbreaks) 14,  829,  000 

Private  nonfarm 8,  171,  000 


The  national  forests  cover  much  of  the  high  Pocky  Mountain  area 
(fig.  20).  A large  proportion  of  the  other  Federal  land  is  located  in 
the  High  Plains  bordering  the  mountains.  This  is  principally  under 
the  jurisdiction  of  the  Department  of  the  Interior.  In  the  Ozark 
highlands  of  the  southeastern  part  of  the  basin  is  found  the  greatest 
concentration  of  forested  land  outside  of  the  Rocky  Mountain  area. 
Most  of  this  is  in  private  ownership. 
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Forests  as  a regulator  of  water  supply 

Forest  lands  are  important  sources  of  water.  The  Great  Plains 
obtains  its  irrigation  water  primarily  from  the  Pocky  Mountain  head- 
waters of  the  South  and  North  Platte,  Yellowstone,  and  Missouri 
Fivers.  Water  for  industrial  and  domestic  use  also  flows  from  these 
mountain  lands  which  are  remote  from  the  areas  of  greatest  water  use. 

The  national  forests,  which  cover  much  of  the  high  Pocky  Mountain 
area,  play  the  major  role  in  the  basin’s  western  water  supply  (fig.  20). 
At  the  higher  elevations,  snow  melting  extends  into  late  spring  and 
early  summer,  making  water  available  when  downstream  requirements 
are  high.  For  example,  about  40  percent  of  the  run-off  from  the 
national  forests  of  Colorado  and  Wyoming  takes  place  in  June  and 
July. 

The  average  annual  flow  of  water  from  the  16,000,000  acres  within 
the  national  forests  of  the  western  part  of  the  basin  is  estimated  at 
approximately  12,000,000  acre-feet.  This  is  more  than  one-third  of 
all  the  water  potentially  available  for  irrigation. 

Numerous  impoundments  have  been  constructed  for  irrigation  and 
power  within  the  western  forested  area,  many  of  which  are  within  the 
national  forests.  Much  of  the  water  impounded  farther  downstream 
for  irrigation  and  as  an  aid  to  navigation  also  comes  from  the  forests  of 
the  Pocky  Mountain  area.  Some  45  cities,  towns,  and  rural  communi- 
ties with  a total  population  in  1940  of  590,000  people,  are  dependent 
upon  water  that  flows  from  these  national  forests  for  their  domestic 
water  supply.  In  addition,  an  unknown,  but  sizable,  volume  reaches 
underground  basins  from  which  it  is  recovered  for  irrigation  and 
domestic  use. 

Timber  production 

Timber  contributes  only  a fraction  of  what  it  could  to  the  develop- 
ment and  stability  of  the  basin  economy.  The  values  that  may  be 
realized  would  be  reflected  not  only  in  local  use  of  the  timber  for  lum- 
ber and  other  wood  products,  but  also  in  the  establishment  of  new 
industries,  more  opportunities  for  employment,  new  buyers  for  local 
products,  and  many  other  ways. 

Ownership  and  growth  of  the  forest  land  which  can  produce  timber 
in  commercial  quantity  and  quality  are  shown  by  table  14. 

Table  14. — Ownership  and  condition  of  commercial  forest  lands  in  the  Missouri 

River  Basin 


[Thousand  acres] 


Federal 

State, 

county, 

munic- 

ipal 

Private 

National 

forest 

Other 

Federal 

Farm 

Nonfarm 

Total 

Saw  timber 

3,235 
3, 173 

364 

154 

1, 824 
3, 383 
2,075 
2,  013 

437 

6, 014 
8,041 
4, 166 
2,758 

Pole  timber 

331 

154 

1, 000 

Seedlings  and  saplings  _ _ 

1,  252 
238 

183 

47 

609 

Poorly  stocked  and  denuded- 

82 

38 

387 

Total 

7,  898 

960 

393 

9,295 

2,433 

20,  979 

Forty-five  percent  of  the  commercial  forest  land  is  on  farms  and 
38  percent  in  the  national  forests.  Four-fifths  of  the  public  forests 
are  in  either  saw- timber  or  pole- timber  stages  of  growth;  but  almost 


FIG.  20 

AVERAGE  ANNUAL  RUNOFF  IN  INCHES  DURING 
WATER  YEARS  1938-43  IN  MISSOURI  BASIN 
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half  of  the  private  forest  lands  are  in  seedlings  and  saplings,  or  are 
poorly  stocked  and  denuded.  This  contrast  is  reflected  in  estimates 
of  saw-timber  volume:  70  percent  of  the  29,300,000,000  board  feet  in 
the  basin  is  on  the  national  forests.  Ownership  of  saw  timber  on 
commercial  forest  lands  is  as  follows: 


Board  feet 

National  forest 20,  676,  000,  000 

Other  Federal  ownership 2,  267,  000,  000 

State,  county,  and  municipal 544,  000,  000 

Private  farm  (including  shelterbelts  and  windbreaks) 4,  713,  000,  000 

Private  nonfarm 1,  073,  000,  000 


Total 29,273,000,000 


The  forests  of  the  basin  supply  less  than  20  percent  of  the  area’s 
present  annual  consumption  of  lumber  which  is  estimated  at  857,- 
000,000  board  feet.  A similar  situation  exists  for  most  timber  prod- 
ucts, although  wood  for  fuel  is  a notable  exception.  High  freight 
charges  and  limited  competition  in  distribution  have  added  to  the  cost 
of  lumber  and  other  wood  products  in  the  basin. 

The  annual  cut  of  timber  from  the  national  forests  in  the  basin, 
approximately  150,000,000  board  feet,  is  less  than  half  of  the  volume 
that  might  be  removed.  The  present  output  is  being  used  for  lumber, 
poles,  mine  timbers,  pulpwood  (for  shipment  to  the  Lake  States), 
fence,  posts  and  fuel  wood.  There  are  large  blocks  of  mature  timber, 
principally  ponderosa  pine,  lodgepole  pine,  Douglas  fir,  and  Engel- 
mann  spruce,  in  the  Rocky  Mountains  which  still  lack  roads  to  make 
them  accessible  for  cutting. 

Shelterbelts  and  windbreaks 

Tree  planting  on  the  plains  has  been  undertaken  from  the  days 
of  the  early  settlers.  Early  plantings  for  protection  of  farmsteads 
from  wind  and  sun  were  followed  by  more  extensive  efforts  to  produce 
timber,  to  protect  fields  from  wind  erosion,  and  to  provide  more  favor- 
able conditions  for  production  of  cultivated  crops.  In  the  1930’s 
a vigorous  organized  cooperative  program  between  farmers,  State 
agencies,  and  the  Federal  Government  greatly  accelerated  the  rate  of 
shelterbelt  planting  and  extended  it  into  the  driest  portions  of  the 
High  Plains.  This  joint  undertaking  has  been  terminated  but  the 
planting  has  continued  at  a reduced  rate.  Some  96,168  miles  of  shel- 
terbelts and  windbreaks  have  been  established.  The  values  of  plant- 
ings have  been  clearly  demonstrated  in  sundry  uses  such  as  protecting 
buildings  and  roadways,  checking  wind  erosion,  conserving  moisture, 
sheltering  livestock,  and  encouraging  growth  of  wildlife  populations. 
Interest  in  windbreak  and  shelterbelt  planting  is  now  widespread 
throughout  the  plains  area  of  the  basin. 

Grazing  use 

Forest  ranges  are  found  principally  within  or  near  the  national 
forests  in  Colorado,  Wyoming,  Montana,  and  South  Dakota,  and  to 
some  extent  in  Missouri.  They  are  of  primary  importance  to  the 
economic  stability  of  several  thousand  livestock  operators  and  the 
welfare  of  the  communities  in  which  the  ranges  are  located.  These 
areas  consist  of  brush,  grass,  and  weeds  intermingled  with  or  near 
forested  lands,  stringers  of  feed  along  mountain  streams,  mountain 
meadows  at  the  higher  elevations,  and  open  glades  in  the  eastern  part 
of  the  basin. 
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The  need  for  supplemental  feed  for  livestock  from  this  source  is 
particularly  prevalent  among  the  nearby  small  owners.  This  is 
illustrated  on  the  Black  Hills  and  Harney  National  Forests  in  South 
Dakota.  The  majority  of  the  600  ranchers  who  have  permits  to  graze 
livestock  on  the  national  forest  lands  live  on  small  ranches  within  the 
national  forests.  The  grazing  of  beef  and  dairy  cattle,  horses,  and 
sheep  is  closely  integrated  with  the  production  of  crops  and  part-time 
work  in  other  types  of  employment.  Thus  the  use  of  the  forest  range 
contributes  materially  toward  the  support  and  general  welfare  of 
10,000  to  12,000  people  within  this  area. 

A large  part  of  all  the  national  forests  in  the  basin  are  grazed  by 
livestock.  During  1947  these  forest  ranges  were  distributed  among 
approximately  3,400  livestock  operators  who  grazed  about  231,000 
head  of  cattle  and  586,000  head  of  sheep.  The  use  totaled  approxi- 
mately 1,010,600  cow-months  and  1,270,900  sheep-months.  In  addi- 
tion, about  100,000  calves  and  500,000  lambs  under  6 months  of  age 
were  also  fed. 

The  forest  ranges  in  the  western  part  of  the  basin  usually  are  used 
for  grazing  during  the  four  summer  months.  While  the  season  is 
short,  it  is  a critical  period  for  the  livestock  operator.  The  animals 
make  their  greatest  gains  in  weight  in  this  period. 

More  than  70  percent  of  the  woodlands  in  the  Ozark  highlands  is 
grazed  in  varying  intensity.  In  many  cases  the  need  for  shade  and 
shelter  to  protect  livestock  from  sun  and  wind  and  the  lack  of  ade- 
quate fencing  to  control  or  distribute  livestock  use  have  reduced  the 
carrying  capacity  of  the  ranges.  The  clearing  of  wooded  areas  for 
pasture  by  killing  and  burning  the  timber,  followed  with  grazing  by 
goats,  often  causes  heavy  top-soil  losses.  With  these  practices,  feed 
has  become  scarce  and  low  in  nutritional  value.  Estimates  show  that 
20  to  80  acres  are  required  to  furnish  enough  feed  for  each  head  of 
cattle  for  an  8-month  grazing  season.  The  results  of  continuous 
trampling  and  excessive  grazing  show  up  in  reduced  feed,  in  com- 
pacted soil,  in  erosion,  and  in  damage  to  young  trees. 

Recreation 

Most  of  the  forested  lands  in  the  Missouri  Basin  with  important 
value  for  recreation  are  in  Federal  or  State  ownership.  However, 
many  farm  wood  lots  and  shelter  belts  have  appreciable  local  values 
for  picnicking  and  small  game  and  bird  hunting.  Some  other  more 
extensive  privately  owned  forest  lands  doubtless  have  considerable 
value  for  recreation,  particularly  hunting  and  fishing. 

The  25,000  square  miles  of  national  forests  along  the  western  rim 
of  the  Missouri  Basin,  including  the  Big  Horn  Mountains  and  Black 
Hills,  provide  some  of  the  finest  opportunities  for  forest  recreation  to 
be  found  anywhere  in  the  United  States.  These  areas  are  mostly 
mountainous  with  hundreds  of  attractive  lakes  nestled  among  forested 
valleys  and  lofty,  snow-capped  peaks.  Thousands  of  miles  of  small 
streams  meander  through  the  timber  and  open  meadows  to  add  to  the 
scenic  beauty  and  attractiveness  of  recreational  use.  Some  forest 
lands  are  being  kept  in  their  natural  condition  for  those  who  enjoy 
the  wilderness. 

The  less  spectacular  forest  areas  in  the  Great  Plains  and  the  Ozark 
Highlands  of  Missouri  provide  interesting  wooded  country  that  is 
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enjoyed  by  those  who  live  short  distances  away.  For  example,  people 
from  large  centers  of  population,  such  as  St.  Louis  and  Kansas  City, 
Mo.,  use  the  recreational  facilities  of  the  Mark  Twain  National  Forest 
in  the  Ozark  Highlands  in  all  seasons  of  the  year. 

The  recreation  resources  of  the  national  forests  in  the  Missouri 
Basin  are  accessible  to  some  7,000,000  local  residents  and  millions  of 
tourists.  There  are  329  camp  and  picnic  areas  which  have  been 
developed  for  public  use.  There  are  also  22  winter  sports  areas  and  5 
Government-owned  organization  camps.  In  addition,  private  indi- 
viduals and  organizations  own  38  organization  camps,  79  resorts,  and 
1,200  summer  homes  which  are  built  under  Federal  permit.  During 
1947,  the  recreation  areas  of  the  national  forests  in  the  Missouri 
Basin  received  1,900,000  visits.  In  addition,  approximately  6,387,000 
sightseers  used  national  forest  highways  and  roads  primarily  to  enjoy 
the  forest  environment  and  scenery. 

A survey  was  recently  completed  in  South  Dakota,  Colorado,  and 
part  of  Wyoming  to  ascertain  the  amount  of  private  capital  invested 
in  recreation  developments  on  the  national  forests.  Private  invest- 
ments (resorts,  organization  camps,  winter  sports  facilities,  summer 
homes,  cabin  camps,  etc.)  totaled  approximately  $4,500,000  and  400 
persons  are  employed  seasonally  in  operating  these  businesses.  On 
private  lands  within  the  national  forest  boundaries,  the  investment  in 
similar  improvements  was  estimated  at  $2,000,000  with  200  persons 
receiving  seasonal  employment. 

The  demand  for  recreation  facilities  on  the  national  forests  is 
increasing  steadily.  It  now  far  exceeds  the  capacity  of  existing 
recreation  areas  which  are  limited  by  funds  available  for  developing 
and  administering  recreation  use.  Adequate  facilities  for  health  and 
safety  are  not  available  to  cope  with  the  increasing  popularity  of 
winter  sports.  Scattered  hunting  and  fishing  camps  are  without  the 
simple  improvements  for  sanitation  and  fire  protection. 

Three  of  the  national  parks  bestride  the  Rocky  Mountains  and  lie 
partly  within  the  Missouri  River  drainage.  These  are  Glacier,  Yel- 
lowstone, and  Rocky  Mountain.  A fourth  national  park,  Wind  Cave, 
lies  farther  to  the  east,  in  southwestern  South  Dakota;  the  only 
national  memorial  park,  Theodore  Roosevelt,  embraces  two  extensive 
samples  of  the  North  Dakota  Badlands.  There  are  also  a number  of 
national  monuments  of  either  historical  or  geological  interest,  as  well 
as  one  much-visited  national  memorial,  Mount  Rushmore,  in  the 
Black  Hills. 

All  of  these  areas  are  administered  by  the  National  Park  Service 
of  the  Department  of  the  Interior.  The  three  parks  in  the  Rockies 
offer  camping,  hiking,  mountain  climbing,  fishing,  and,  like  all  the 
other  parks  in  the  system,  exceptional  nature  recreation.  All  contain 
extensive  roadless  wilderness  areas.  Wind  Cave  National  Park,  above 
ground,  is  notable  for  its  bison  and  antelope.  The  national  parks 
and  forests  offer  different  kinds  of  recreation  and  supplement  each 
other  in  their  attraction  for  people  from  all  parts  of  the  United  States. 

The  Fort  Peck  Dam  and  Reservoir  are  attracting  thousands  of 
visitors  to  view  the  engineering  feat  and  enjoy  boating,  fishing,  and 
other  forms  of  recreation.  As  other  bodies  of  water  are  formed  in 
the  Great  Plains,  similar  opportunities  will  be  available  to  develop 
additional  recreational  uses. 
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Wildlife 

The  forested  areas  of  the  basin  contain  a substantial  share  of  the 
country’s  big  game.  In  the  national  forests  and  adjacent  lands,  big 
game  is  estimated  at  about  225,000 — 75  percent  deer  and  15  percent 
elk.  The  remaining  10  percent  include  antelope,  black  bear,  grizzly 
bear,  moose,  bighorn  sheep,  and  mountain  goats.  These  estimates 
represent  12  percent  of  the  elk,  31  percent  of  the  grizzly  bear,  15 
percent  of  the  moose,  26  percent  of  the  bighorn  sheep,  and  7 percent 
of  the  mountain  goats  reported  for  the  48  States. 

Most  of  the  native  grouse  species  of  North  America  are  found  in 
the  basin,  ranging  from  the  alpine-inhabiting  ptarmigan  to  prairie 
chicken.  Among  other  important  native  game  birds  are  quail, 
mourning  dove,  and  wild  turkey.  The  Hungarian  and  Chukar 
partridges  have  been  widely  introduced  and  the  former  is  well  estab- 
lished in  several  sections.  The  Chinese  pheasant,  an  exotic  and 
highly  prized  game  bird,  has  been  particularly  successful  in  farm 
areas  and  provides  good  hunting  in  nearly  every  State  in  the  basin. 
Ducks  and  other  migratory  waterfowl  are  found  in  limited  numbers 
in  the  forested  areas  and  in  greater  numbers  in  other  parts  of  the 
basin. 

The  headwaters  of  the  Missouri  River  contain  some  of  the  finest 
sport  fishing  in  the  United  States.  For  example,  the  national  forests 
in  the  basin  have  approximately  6,000  miles  of  fishing  streams  and 
30,000  acres  of  lakes.  Principal  species  are  trout  (cutthroat,  rainbow, 
lochleven,  and  brook)  and  the  famous  Montana  grayling.  In  the 
warmer  waters  of  the  basin,  bass,  sunfish,  perch,  catfish,  and  rough 
fish  are  common  and  provide  much  fishing. 

Statistics  by  States  with  territory  in  the  Missouri  Basin,  indicate 
that  some  990,000  State  hunting  licenses  and  1,200,000  State  fishing 
licenses  were  sold  in  the  basin  in  fiscal  year  ended  June  30,  1948. 
An  estimate  for  the  national  forests  indicates  that  those  lands  alone 
were  used  by  approximately  half  a million  sportsmen.  On  an  area 
sampled  in  Colorado  and  part  of  Wyoming,  the  hunters  stayed  an 
average  of  4 days  and  the  fishermen  spent  approximately  9 days. 
Statistics  are  not  available  on  the  fish  catch,  but  the  kill  of  big  game 
on  forest  areas  in  the  basin  was  estimated  to  be  about  90,000. 

SECTION  II.  PROBLEMS  AND  GOALS 
Accelerated  Agricultural  Program  Required 

The  Missouri  River  Basin  is  a national  asset  that  is  still  awaiting 
full  development.  It  is  predominantly  an  agricultural  area  where 
production  has  not  reached  its  full  potentialities.  Much  remains  to 
be  done  to  find  and  to  adopt  those  agricultural  measures  that  will 
conserve  and  use  the  land  and  water  resources  most  effectively. 

The  extremes  in  production  and  income  and  the  resulting  instability 
of  population  within  the  basin,  particularly  in  the  upper  watershed  and 
plains,  have  presented  a challenge  to  the  people  of  the  Nation  ever 
since  the  area  was  opened  to  settlement  less  than  a century  ago. 
Recurring  and  unpredictable  periods  of  drought  have  characterized  the 
plains  portion  of  the  basin.  A dry  cycle  apparently  occurred  between 
1835  and  1865  and  was  followed  by  above-average  rainfall.  The 
period  from  1886  to  1895  was  one  of  disastrous  drought. 
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The  disastrous  drought  of  the  1930’s  was  especially  severe  in  1934 
and  1936.  But  the  1940’s  have  been  a period  of  unparalleled  pros- 
perity for  the  basin  due  to  generally  adequate  rainfall  and  high  war- 
time and  postwar  prices.  However,  unfavorable  weather  must  be 
expected  in  the  future.  Local  droughts  usually  occur  every  year  in 
some  part  of  the  plains. 

A major  problem  of  the  plains  has  been  drought,  crop  failure,  and 
wind  erosion,  but  other  parts  of  the  basin,  and  even  the  plains,  have 
suffered  from  floods.  Intense  rainstorms  have  often  produced  severe 
damage  to  watershed  lands  and  damaging  floods. 

The  Flood  Control  Act  of  1944,  by  authorizing  the  Pick-Sloan  plan, 
partially  meets  the  challenge  of  protecting  the  Missouri  Basin  from  the 
full  impacts  of  disastrous  drought  and  floods.  Through  the  passage 
of  this  act  and  through  substantial  investments  already  made  to  carry- 
out this  multi-billion-dollar  engineering  development  on  the  Missouri 
River  and  its  tributaries,  the  Nation  has  given  concrete  expression  to 
a national  policy  of  investment  in  basin-wide  resource  development. 

But  comprehensive  resource  development  cannot  be  attained  with- 
out accelerating  the  agricultural  program  to  complement  and  support 
the  engineering  phases.  Plans  cannot  be  made  in  terms  of  rivers 
alone.  The  rivers  and  watershed  lands  must  be  considered  together. 

But  neither  special  authorization  nor  appropriation  has  yet  been 
made  to  carry  on  the  accelerated  program  essential  to  the  compre- 
hensive development  of  the  watershed  lands  of  the  basin. 

Under  present  authorizations,  programs  of  the  United  States 
Department  of  Agriculture  must  be  carried  out  with  essentially  the 
same  intensity  throughout  the  Nation.  Under  these  Nation-wide 
authorizations  effective  contributions  are  being  made,  of  course,  to 
soil  and  water  conservation,  to  forest  and  range  conservation,  and  to 
the  improvement  of  irrigation  farming  in  the  basin.  There  is  clear 
recognition,  however,  of  the  need  for  accelerating  these  programs  to 
conserve  and  improve  watershed  lands;  to  build  up  and  protect  forest 
resources;  to  protect  and  develop  the  water  resources;  to  enlarge  and 
improve  the  farm  land  by  irrigation  and  drainage;  to  reduce  flood  and 
sediment  damage,  and  to  support  and  balance  the  river-development 
programs  of  other  agencies  in  other  ways. 

Land-Use  Objectives 

The  long-range  land-use  objectives  for  the  Missouri  Basin  are  con- 
sistent with  long-range  national  agricultural  policy  as  well  as  the 
regional  interest  of  this  important  area. 

The  authorization  and  implementation  of  the  Missouri  River 
development  program  provided  for  under  the  Flood  Control  Act  of 
1944  is  an  expression  of  the  wise  national  policy  of  developing  the 
resources  of  all  parts  of  the  Nation. 

This  policy  calls  for  effective  measures  to  protect  as  well  as  utilize 
to  the  full  these  new  investments  in  our  resources.  This  can  be 
accomplished  through  the  improvement  as  well  as  the  protection  of  the 
productivity  of  the  rich  agricultural  resources  of  the  basin.  This  is 
in  line  with  the  national  policy  of  organized,  sustained,  and  realistic 
abundance  of  the  United  States  Department  of  Agriculture.2 


2 Programs  to  Effectuate  a Long-Range  Policy  of  Abundance,  then  Assistant  Secretary  of  Agriculture 
Charles  F.  Brannan  before  House  Committee  on  Agriculture  and  Subcommittee  of  Senate  Committee  on 
Agriculture  and  Forestry,  October  6, 1947. 


74 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


Agricultural  problems  and  goals  are  described  in  this  report  in 
terms  of  their  significance  to  basin-wide  comprehensive  development, 
and  in  terms  of  the  size  and  scope  of  the  jobs  that  need  to  be  done. 
The  inventory  of  needs  as  set  forth  here  is  based  upon  many  years  of 
experience,  recorded  observations,  and  research  by  the  United  States 
Department  of  Agriculture,  the  agricultural  experiment  stations  and 
extension  services  in  the  10  Missouri  Basin  States,  and  other  State 
agricultural  and  forestry  agencies.3 

STABILIZED  AGRICULTURAL  PRODUCTION 

Agricultural  production  will  be  stabilized  and  increased  in  the 
Missouri  Basin  as  the  combined  result  of  the  accelerated  program 
proposed  in  this  document,  increased  irrigation  construction  by  the 
Bureau  of  Reclamation,  flood  protection  by  levees  constructed  by  the 
Army  engineers,  and  improved  technology  generally.  Some  of  this 
increased  production  may  encounter  difficulty  at  times  in  finding 
markets  as  favorable  as  those  during  the  war  and  immediately  there- 
after. But  from  the  long-run  view,  the  proper  development  of  the 
resources  of  the  basin  will  benefit  the  Nation  through  food  and  fiber 
production  fitted  to  national  demand,  stable  supplies  of  forest  prod- 
ucts, a more  stable  basis  for  commercial  and  industrial  development, 
and  increased  recreational  opportunities. 

Good  farm  incomes  are  essential  to  a strong  business  situation  and, 
in  turn,  a healthy  and  prosperous  business  is  dependent  upon  a pros- 
perous and  stable  agriculture.  No  group  stands  to  gain  more  than 
agriculture  from  an  increase  in  industrial  expansion  within  the  Missouri 
Basin.  Economic  as  well  as  social  interdependence  of  rural  and 
urban  communities  exists  to  a high  degree. 

Agricultural  production  in  the  decade  immediately  ahead  must  make 
adjustments  for  the  heavy  drain  placed  on  the  land  by  intensive 
cropping.  Those  responsible  for  new  land  to  be  brought  into  produc- 
tion through  new  irrigation  and  new  drainage  programs  will  need  to 
take  account  of  changing  demands.  From  both  the  standpoint  of 
conservation  and  the  necessary  adjustment  of  production  to  demand, 
a reduction  of  grain  crops  and  some  intertilled  crops  will  be  needed. 
Greater  emphasis  will  need  to  be  given  to  sod  crops,  high  quality  hays, 
and  improved  rotation  pastures,  together  with  the  livestock  needed 
for  proper  utilization  of  increased  forage. 

CONSERVATION  ON  FARMS  AND  RANCHES 

Conservation  needs  in  their  varying  aspects  of  erosion,  water  losses, 
irrigation  and  drainage,  and  improved  management  of  soils,  crops, 
range,  and  woodland  are  common  problems  for  nearly  all  farms  and 
ranches  in  the  Missouri  Basin.  Most  of  them  either  contribute 
floodwater  and  sediment  or  bear  the  brunt  of  their  downstream 
damage.  In  order  to  help  landowners  and  operators  to  deal  ade- 

3 Reference  is  made  to  a report  submitted  by  the  President  to  the  Congress  of  the  United  States  on  Feb- 
ruary 10,  1937,  under  the  title  “The  Future  of  the  Great  Plains.”  In  his  letter  of  transmittal  President 
Roosevelt  wrote:  “The  report  indicates  clearly  that  the  problem  of  the  Great  Plains  is  not  merely  one  of 
relief  of  a courageous  and  energetic  people  who  have  been  stricken  by  several  years  of  drought  during  a 
period  of  economic  depression.  It  is  much  more  fundamental  than  that.  Depression  and  drought  have 
only  accentuated  a situation  which  has  been  long  developing.  The  problem  is  one  of  arresting  the  decline 
of  an  agricultural  economy  not  adapted  to  the  climatic  conditions  because  of  lack  of  information  and  under- 
standing at  the  time  of  settlement  and  of  readjusting  that  economy  in  the  light  of  later  experience  and  of 
scientific  information  now  available”  (H.  Doc.  No.  144,  75th  Cong.,  1st  sess.).  It  is  noted,  therefore,  that 
the  agricultural  problems  of  the  Great  Plains  have  been  brought  to  the  attention  of  the  Conerress  previously. 
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quately  with  these  problems,  the  program  must  provide  for  the  effec- 
tive use  of  land  and  water  through  desirable  combinations  of 
conservation  practices  and  measures  which  will  maintain  and  improve 
productive  capacity. 

Changes  in  land  use  are  desirable  on  some  23  or  24  million  acres, 
especially  in  areas  of  critical  erosion.  At  least  10,000,000  acres  of 
cropland,  in  a total  of  113,000,000  acres  in  the  basin,  should  be  re- 
turned to  grass.  Most  of  this  is  eroding,  dry  farmland  and  by  far 
the  larger  part  was  used  to  grow  wheat  and  flax  in  and  after  the 
Second  World  War. 

In  encouraging  the  adoption  of  conservation  farming  and  ranching, 
the  program  must  emphasize  the  need  for  a higher  proportion  of  land 
in  rotation  hay  and  pasture  and  a corresponding  decrease  in  intertilled 
and  close-growing  crops.  Livestock  use  should  be  adjusted  to  range 
conditions.  The  need  exists  to  reduce  water  losses  arising  from  reser- 
voir sedimentation,  faulty  canals  and  ditches,  improper  irrigation  and 
drainage,  and  nonproductive  vegetation. 

One  of  the  cardinal  principles  on  which  the  program  is  founded  is 
that  conservation  and  use  of  land  and  water  must  be  dealt  with  as  an 
inseparable  problem.  The  program  also  recognizes  that  farmers  and 
ranchers  have  the  capacity  to  solve  conservation  problems,  in  spite  of 
their  complexity,  if  a reasonable  amount  of  public  assistance  is  pro- 
vided. Farmers  and  ranchers  are  expected  to  assume  primary  local 
responsibility  for  their  conservation  programs  and,  if  possible,  under- 
take them  through  continuous  and  effective  group  action.  Organized 
activities  are,  moreover,  a suitable  channel  through  which  public 
assistance  can  reach  farmers  and  ranchers. 

Shelter  belts  and  windbreaks  need  to  be  greatly  expanded  in  parts  of 
the  Missouri  Basin.  The  numerous  benefits  of  a shelter  belt  program 
include  protection  in  all  seasons  to  homes,  livestock,  gardens,  orchards 
and  fields,  soil  and  water  conservation,  improved  and  protected  high- 
ways in  all  seasons,  added  protection  to  wildlife  and  beauty  to  the 
landscape,  and  an  increased  supply  of  fuel  wood,  post,  and  other 
timber  products. 

CONSERVATION  AND  USE  OF  THE  FOREST  RESOURCE 

The  forest  lands  of  the  basin,  which  now  supply  less  than  one-fifth 
of  the  lumber  and  other  wood  products  used  in  the  area,  are  capable 
of  yielding  continually  more  than  double  the  present  output. 

The  timber  resource  objective  is  to  place  and  keep  all  commercial 
forest  lands  in  condition  for  maximum  sustained  yield  production  of 
lumber  and  wood  products  consistent  with  the  requirements  of  other 
forest  land  uses.  This  requires  a high  degree  of  efficiency  in  fire 
control  on  all  forest  lands.  The  application  of  good  management  is 
the  key  to  high  levels  of  timber  production.  Public  acquisition  of 
forest  lands,  including  areas  lacking  adequate  management  as  well  as 
those  necessary  to  the  economic  management  of  public  lands,  is  in- 
volved in  attaining  the  desirable  objective.  Rebuilding  of  run-down 
hardwood  forests  and  replanting  of  poorly  stocked  and  denuded  areas 
are  essential.  Road  construction  is  required  to  open  presently  in- 
accessible areas  for  cutting  in  the  western  national  forests.  The  goal 
also  implies  creating  and  expanding  markets  for  little-used  species 
and  sizes.  Its  attainment  should  provide  a 400-  to  500-percent  in- 
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crease  in  employment  in  harvesting  timber  and  manufacturing  lumber 
and  other  wood  products. 

The  forest  ranges  in  the  national  forests  and  adjacent  woodlands 
are  of  vital  importance  to  local  livestock  enterprises  as  a source  of 
feed  and  are  also  valuable  for  watershed  management  purposes  in  aid 
of  flood  control  and  to  assure  water  supplies  for  irrigation  and  other 
uses. 

Present  deteriorated  conditions  on  some  of  the  western  ranges  in 
the  national  forests,  the  grazing  districts,  and  other  public  lands,  as 
well  as  private  lands,  show  the  need  for  extensive  treatment  to  in- 
crease forage  production  and  to  check  erosion.  In  many  areas  signs 
of  range  deterioration  are  not  generally  recognized,  and  the  serious 
damage  to  the  productive  capacity  of  the  land  is  not  accepted  even 
by  many  of  those  most  closely  in  contact  with  this  damage. 

Poor  and  depleted  conditions  are  prevalent  on  perhaps  1,000,000 
acres  of  forest  range  below  the  national  forest  boundaries  in  Colorado 
and  Wyoming.  These  lands  are  now  used  mainly  for  livestock  graz- 
ing, but  they  have  a higher  value  for  watershed  protection.  In  some 
areas,  watershed  damage  from  overgrazing  is  augmenting  periodic 
flood  damages  to  local  communities  which  already  exceed  the  tax 
revenue  that  the  lands  can  pay. 

Similar  problems  resulting  from  overgrazing  exist  on  the  open 
range  lands  of  the  western  plains  and  the  upper  watershed,  including 
those  administered  by  the  Department  of  the  Interior. 

Throughout  the  hardwood  forests  of  the  eastern  part  of  the  basin, 
the  cream  of  the  commercial  species  has  been  cut  with  insufficient 
attention  to  their  replacement.  Overcutting,  overgrazing,  burning, 
and  in  some  instances  unwise  land  clearing  have  greatly  reduced  the 
forested  area  and  have  impaired  the  quality  and  productivity.  Stands 
of  high-quality  saw  timber  of  desirable  species  have  been  replaced 
by  scrubby  stands  largely  of  inferior  species.  Forest  depletion  has 
meant  a loss  of  basic  wealth.  Markets  for  local  forest  products  and 
the  returns  from  labor  have  been  depressed. 

Heavy  losses  have  occurred  from  fire,  insects,  and  diseases.  In 
Montana,  it  has  been  estimated  that  3,000,000,000  board  feet  of 
lodgepole  pine  has  been  killed  by  bark  beetles  during  the  past  30 
years.  In  addition,  more  than  2,000,000,000  board  feet  of  ponderosa 
pine,  Douglas  fir,  Engelmann  spruce,  alpine  fir,  and  white-bark  pine 
have  also  been  destroyed.  In  the  eastern  limits  of  the  basin,  a wide 
variety  of  leaf  feeders  and  wood  borers  attack  both  native  and  planted 
trees.  Although  serious  outbreaks  are  few,  recurrent  defoliation  in 
combination  with  drought  is  credited  with  killing  a sizable  percentage 
of  the  trees  in  some  localities.  The  chief  losses  from  such  insects, 
however,  are  reductions  in  rate  of  growth  and  loss  of  quality. 

Oak  wilt  is  a serious  threat  to  the  hardwood  forests,  while  diseases 
that  cause  losses  in  timber  volume  and  quality  are  prevalent  in  soft- 
wood stands  (ponderosa  pine,  Douglas  fir,  lodgepole  pine,  etc.)  which 
have  passed  maturity. 

Damage  from  fire  cannot  be  readily  appraised.  Even  though  trees 
survive,  they  are  frequently  scarred  or  their  resistance  to  attack  by 
insects  and  diseases  is  lowered.  Damage  to  timber  resources  in  Mon- 
tana, Wyoming,  and  Colorado  was  estimated  at  $66,000  for  1946;  in 
Missouri  (entire  State),  $231,000. 
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The  management  of  State  and  privately  owned  forest  lands  leaves 
much  to  be  desired.  An  expansion  of  the  cooperative  Federal-State 
programs  in  providing  technical  education  and  service  to  small  wood- 
land operators  is  needed. 

The  rehabilitation  of  privately  owned  forest  lands  is  handicapped 
by  the  lack  of  trees  for  planting  because  of  the  inadequacy  of  existing 
nurseries  which  supply  planting  stock  for  this  purpose. 

REDUCTION  OF  FLOOD  AND  SEDIMENT  DAMAGES 

One  of  the  goals  of  the  agricultural  program  is  to  reduce  damages 
caused  by  floodwater  and  to  prevent  erosion,  thus  reducing  the  amount 
of  sediment  damage.  Fortunately  the  conservation  measures  and 
practices  recommended  for  the  lands  of  the  basin  result  not  only  in 
conserving  the  land  and  increasing  production,  but  also  in  substantial 
benefits  from  reducing  floodwater  and  sediment  damages. 

In  the  basin  as  a whole,  a large  proportion  of  the  reduction  in  damage 
from  floodwater  and  sediment  will  be  brought  about  by  the  conserva- 
tion measures  to  be  applied  to  the  crop,  range,  and  forest  lands  of  the 
watershed.  The  practices  and  measures  necessary  to  conserve  the 
soil  and  promote  a stable  and  prosperous  agriculture  will,  therefore, 
constitute  the  principal  means  of  carrying  out  the  Department’s 
responsibilities  under  the  flood-control  acts.  However,  in  many  cases 
additional  benefits  can  be  secured  by  measures  and  works  not  ordi- 
narily constructed  by  individual  farmers.  The  supporting  program 
of  stabilizing  measures  for  small  watercourses  will  complete  and 
round  out  the  total  program  in  aid  of  flood  control. 

ENHANCEMENT  OF  WILDLIFE  AND  RECREATION 

The  best  land  use  for  several  million  acres  of  the  land  in  the  basin 
will  be  for  recreation  and  the  production  of  wildlife,  while  the  principle 
of  multiple-land  uses  will  result  elsewhere  in  increased  recreational 
uses  and  the  wider  distribution  of  the  optimum  in  wildlife. 

The  interrelationship  of  wildlife  production  with  the  management 
of  other  land  resources  is  in  need  of  greater  attention.  Fish  and 
wildlife  are  more  than  an  incidental  resource,  and  adequate  provision 
must  be  made  for  suitable  environment.  It  is  an  objective  of  this 
program,  therefore,  to  integrate  wildlife  habitat  needs  with  timber 
cutting,  grazing,  and  other  land  uses  so  that  each  locality  will  make 
its  full  contribution  of  wildlife  along  with  other  land  resources. 

The  recreational  use  of  forest  lands  is  steadily  expanding.  The 
trend  of  mounting  use  is  expected  to  continue  over  the  next  30  years. 
Recreational  use  of  national  forests  areas  in  the  basin  is  expected  to 
increase  by  130  percent  in  Montana,  300  percent  in  Colorado  and 
part  of  Wyoming,  and  500  percent  in  Missouri. 

The  problems  of  providing  and  maintaining  necessary  facilities  and 
services  to  handle  the  persistent  expansion  of  recreation  use  are  in- 
creasing year  by  year.  This  is  particularly  serious  in  the  West,  where 
many  cities  obtain  domestic  water  and  recreation  from  the  same 
watershed.  It  is  entirely  practicable  to  plan  such  dual  use,  but  it  is 
essential  that  proper  sanitary  and  fire-protection  facilities  be  installed 
to  protect  the  water  supply  and  the  watershed. 
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Timely  planning  and  development  of  recreational  facilities  on  sound 
principles  of  good  land  management  is  essential  to  meet  these  growing 
requirements.  An  urgent  aspect  is  the  restoration  of  overused  public 
facilities  to  full  usefulness  and  the  expansion  of  facilities  into  new 
areas  which  will  distribute  the  pressure  of  recreational  uses.  As  most 
of  the  forest  lands  with  recreation  values  are  in  public  ownership,  a 
great  deal  of  the  responsibilities  for  additional  development  will  fall 
upon  public  agencies.  Their  acquisition  of  tracts  with  high  recreation 
value,  highway  screening  strips,  parking  areas,  and  wilderness  land 
is  desirable.  However,  private  individuals  and  organizations  should 
not  only  develop  recreation  facilities  but  also  take  part  in  cooperative 
programs  with  public  agencies  where  mutual  interests  can  be  advanced. 

HEADWATER  PROTECTION 

Steep  headwater  areas  are  best  protected  by  forests  in  good,  healthy 
condition.  The  presence  of  good  forest  cover — trees,  shrubs,  grass, 
and  litter — provides  protection  and  stability  to  the  soil.  It  is  pro- 
tected from  deep  freezing  and  the  resulting  porous  character  enables 
the  soil  readily  to  absorb  and  retain  the  water  from  rains  and  melting 
snow.  Good  forests  hold  down  the  amount  of  run-off  and  reduce  the 
height  and  frequency  of  destructive  flows.  Water  that  moves 
through  the  forest  soil  returns  to  the  surface  in  natural  springs  and 
stream  channels  or  collects  underground  where  it  may  be  made 
available  by  pumping.  The  clear  sustained  flows  of  well-forested 
watersheds  are  the  direct  result  of  the  natural  balance  between  forests 
and  the  soil. 

In  contrast,  the  soil  loses  its  porous  structure  and  much  of  its 
absorptive  capacity  when  the  ground  is  bare  or  when  the  mulch  is 
destroyed,  as  by  fire.  Similar  unfavorable  conditions  develop  on 
overgrazed  forest  ranges  when  the  ground  cover  is  too  closely  clipped 
and  the  surface  is  compacted  by  livestock.  When  the  surface  soil  is 
thus  altered  and  exposed,  run-off  gains  in  volume  and  speed.  Organic 
material  is  oxidized  and  the  topsoil,  containing  the  rich,  spongy  humus, 
is  carried  away.  Heavy  rains  compact  the  soil  and  seal  the  surface 
against  infiltration.  The  loss  of  vegetation  also  permits  soil  freezing 
and  thus  cuts  down  the  percolation  of  snow  water.  All  this  means 
impoverishment  of  the  land  and  impairment  of  the  quality  and  use- 
fulness of  the  water.  Under  such  conditions,  fluctuations  in  stream 
flow  are  magnified.  Streams  rise  swiftly  to  flood  stages  with  each 
rain,  only  to  drop  to  very  low  yields  or  even  to  disappear  temporarily. 
And  because  less  water  gets  into  the  soil,  less  water  replenishes  the 
underground  basins. 

Furthermore,  the  absence  of  cover  invites  erosion  with  resulting 
sedimentation  damage.  The  loss  of  the  porous  surface  soil  exposes 
the  denser  and  usually  much  more  erosive  subsoil.  In  only  a few  years 
erosion  damages  may  become  so  serious  that  the  adverse  effects  will 
be  felt  for  decades. 

The  goal  in  fire  control  for  the  mountainous  forest  lands  in  the 
western  part  of  the  basin  is  to  keep  the  average  annual  burn  damage 
within  one-tenth  of  1 percent  of  the  protection  unit.  For  the  lands 
which  are  managed  for  the  protection  of  high  watershed  values,  a 
protection  unit  may  be  as  small  as  100,000  acres.  On  other  forest 
lands,  the  protection  unit  may  be  a million  acres.  In  the  eastern 
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broadleaf  forest  of  Missouri,  much  of  which  is  still  without  organized 
protection,  the  goal  for  State  and  private  forest  lands  is  five-tenths 
of  1 percent.  Fire  protection  on  the  national  forests  is  approaching 
one-tenth  of  1 percent  of  the  total  land  area  protected,  while  on  other 
forest  lands  the  proportion  of  burned  area  is  considerably  larger. 

In  the  national  forests  a high  degree  of  fire  protection  has  been 
maintained.  In  contrast  fire  damage  on  some  private  forest  lands  has 
been  much  higher.  States  and  the  United  States  Department  of 
Agriculture  are  authorized  to  cooperate  with  the  State  forestry  agen- 
cies in  protecting  State  and  privately  owned  lands  from  fire.  Federal 
cooperation  is  now  being  used  in  Montana,  Colorado,  South  Dakota, 
Minnesota,  and  parts  of  Iowa  and  Missouri.  All  forested  areas  in 
the  basin  are  not  yet  under  protection  and  present  standards  of 
protection  are  not  adequate. 

Fire  losses  are  not  confined  to  the  destruction  of  timber;  recrea- 
tional opportunities,  fish  and  wildlife,  and  feed  for  livestock  are  also 
damaged.  Moreover,  the  soil-protecting  litter  of  twigs  and  leaves 
on  the  forest  floor  and  the  organic  material  in  the  soil  itself  are 
destroyed. 

In  parts  of  the  Rocky  Mountain  area,  land  use  practices  have 
accelerated  damages  from  soil  erosion  and  floods.  On  the  slopes 
subject  to  violent  thunderstorms,  some  soils  are  highly  erosible  and 
easily  damaged  if  unprotected  by  vegetative  cover.  Here  fire,  live- 
stock and  big  game  grazing,  mining  operations,  logging,  and  road 
building  have  contributed  to  extensive  sheet  and  gully  erosion, 
accelerated  and  concentrated  run-off,  instability  of  stream  channels, 
heavy  silt  movement,  and  more  frequent  and  larger  floods.  Erosion 
generally  has  not  been  so  widespread  at  the  higher  elevations  where 
the  land  use  is  less  intensive,  but  in  localized  areas  erosion  is  prevalent 
and  frequently  serious. 

Many  of  the  valley  bottoms  throughout  the  basin  are  wooded,  and 
trees  occupy  sandbars  and  islands  in  the  larger  rivers.  Although  the 
woodland  along  the  streams  is  generally  beneficial  in  preventing 
bank-cutting  and  erosion,  much  of  that  growing  in  the  bottoms  proper 
and  on  adjacent  areas  with  a high  water  table  may  be  wasteful  of 
water. 

In  the  Ozark  Highlands,  watershed  conditions  have  been  seriously 
impaired  by  a long  history  of  repeated  timber  cutting,  burning,  and 
overgrazing.  For  the  most  part  the  forest  has  been  reduced  to  a 
scrubby  growth  with  little  if  any  accumulation  of  litter  on  the  ground. 
As  a result,  run-off  is  excessive. and  streamflow  unstable.  In  this  part 
of  the  basin  flood  damage  to  valley  lands  is  a major  problem.  On  the 
other  hand,  hydroelectric  power  installations  frequently  suffer  from 
inadequate  water  supply  during  dry  seasons.  Seasonal  water  short- 
ages also  affect  a large  local  population  which  depends  upon  wells  and 
small  reservoirs. 

Watershed  management  has  for  a goal  the  reduction  of  flood  and 
sediment  damage.  While  land  and  its  cover  is  unable  to  cope 
completely  with  conditions  which  cause  large  floods,  good  land 
management,  with  minor  upstream  engineering  works,  can  do  much 
to  prevent  damage  in  smaller  tributaries  and  can  aid  substantially 
in  reducing  flood  flows  in  larger  channels.  Good  watershed  manage- 
ment can  also  contribute  significantly  to  the  protection  and  efficiency 
of  storage  reservoirs  through  reducing  the  rate  of  erosion  and  con- 
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sequent  reservoir  sedimentation.  High  quality  water  for  domestic 
and  all  other  forms  of  use  is  another  valuable  product. 

DRAINAGE  OF  FARM  LAND 

Adequate  drainage  is  essential  to  agricultural  production  on 
considerable  areas  of  land  in  the  Missouri  Basin.  Drainage  of  lands 
suffering  from  too  much  water  is  equally  as  important  to  the  general 
agricultural  welfare  as  the  irrigation  of  lands  with  too  little  water. 
Rehabilitation  of  drainage  systems  already  installed  but  not  function- 
ing adequately,  as  well  as  the  construction  of  new  drainage  systems,  is 
required.  Adequate  drainage  systems  should  be  planned  and  installed 
concurrently  with  the  planning  and  installation  of  levees  to  protect 
river  bottom  lands  from  overflow. 

INCORPORATION  OF  IRRIGATION  IN  BASIN  AGRICULTURE 

New  irrigation  of  6,000,000  acres  must  be  fitted  into  the  basin’s 
agricultural  pattern  of  113,000,000  acres  of  cropland  and  175,000,000 
acres  of  range  and  pasture.  This  is  a new  and  large-scale  task,  espe- 
cially where  dry-land  farms  are  now  occupied  by  farm  families. 

In  much  of  the  Missouri  Basin  the  value  of  water  as  a production 
factor  changes  from  year  to  year — from  years  of  adequate  rainfall, 
to  years  with  short  drought  periods,  and,  finally,  to  the  extreme 
years  of  almost  complete  drought.  New  farming  operations  must  be 
set  up  to  use  climatic  advantages  of  the  better  years  and  yet  make 
irrigation  a continuous,  integral  part  of  farm  operations.  The  benefit 
of  irrigation  in  much  of  the  basin,  therefore,  comes  both  from  increases 
in  production  and  from  the  prospect  of  more  stabilized  production. 
This  set  of  conditions  means  that  successful  irrigation  in  the  subhumid 
areas  will  rest  upon  a different  set  of  principles  than  those  found  in 
distinctly  arid  sections. 

Luxuriant  irrigated  crops  draw  more  heavily  on  the  reserves  of 
soil  fertility  than  the  less  bountiful  yields  of  unirrigated  land.  Soil 
fertility  and  physical  soil  properties  favorable  to  irrigation  are  likely 
to  be  impaired  unless  farm  management  is  adjusted  to  the  new 
conditions.  Research  in  irrigation  agriculture  needs  to  be  fortified 
and  extended  to  reach  the  subhumid  sections  now  proposed  for 
irrigation.  Present  information  for  soils  of  the  central  plains  is 
inadequate  as  a guide  for  irrigation  development  there,  and  consider- 
able land  already  has  been  permanently  damaged  by  irrigating  the 
wrong  soils  and  by  poor  management  on  soils  fairly  well  suited  to 
irrigation. 

Successful  irrigation  experiences  and  techniques  in  similar  climatic 
areas  will  be  evaluated  and  interpreted  for  new  settlers.  Each  area 
in  which  irrigation  is  to  be  introduced  needs  investigation  to  de- 
termine the  differences  in  the  use  arising  from  the  fact  that  the 
project  is  surrounded  by  either  grazing  or  wheat  lands. 

Opening  newly  irrigated  land  carries  with  it  problems  in  scope  and 
intensity  comparable  to  those  involved  in  establishing  brand  new 
settlements.  These  questions  range  from  general  determinations  of 
the  value  of  various  systems  of  farm  management  to  the  individual 
problems  of  the  new  irrigation  farmer  in  making  the  investments 
required  by  a new  and  unfamiliar  type  of  farming.  The  solutions  will 
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determine  not  only  how  soon  but  also  by  how  much  the  new  irrigation 
will  improve  the  agricultural  productivity  and  stability  of  the  Basin. 

The  opportunities  irrigation  presents  in  partly  or  wholly  irrigated 
farms  and  their  integration  with  upland  crops  and  livestock  require 
the  determination  of  a variety  of  farm-management  problems.  The 
adaptation  of  lands  to  new  and  untried  crops,  water  requirements, 
methods  and  techniques  of  water  application,  responses  of  different 
soils  to  irrigation  need  systematic  study.  Technical  help,  assistance, 
and  direct  aids  such  as  payments,  equipment,  usage,  and  materials, 
and  a program  of  education  are  essential  if  farmers  are  to  make  the 
transition  to  irrigation  farming,  while  additional  investments  in  new 
equipment  and  buildings  will  require  adequate  credit.  New  crops  will 
need  new  market  outlets  and  marketing  facilities. 

ADJUSTMENTS  OF  FARMS  AND  COMMUNITIES 

The  programs  and  activities  now  under  way,  or  contemplated,  in  the 
Missouri  Basin  will  eventually  affect  all  farm  families  in  it,  but  special 
adjustment  problems  will  confront  50,000  to  60,000  families  im- 
mediately involved  in  irrigation  and  flood-control  programs.  Inun- 
dation of  reservoir  lands  will  require  the  relocation  of  about  4,000 
families.  About  19,000  existing  dry  farms  will  be  irrigated  and  will 
need  to  dispose  of  excess  land  on  which  about  19,000  new  farms 
may  be  established.  The  levee  systems  will  provide  flood  protection 
to  13,000  farms  which  will  need  reorganized  farming  systems  to  take 
advantage  of  the  reduced  flood  hazards.  These  adjustments  will 
take  place  over  a period  of  years  and  in  most  cases  with  enough 
advance  notice  so  that  the  changes  can  be  planned  in  an  orderly 
manner  with  the  aid  of  educational,  technical,  and  financial  assistance, 
and  credit. 

Adjustments  resulting  from  development  of  reservoirs  not  only 
involve  hardships  to  those  who  must  move,  but  also  may  disrupt 
community  services  and  facilities  and  local  economies.  Proper  evalu- 
ation of  these  factors  in  selecting  alternative  sites  is  essential  in 
planning  the  reservoir  systems.  Once  the  reservoir  is  selected,  the 
community  is  involved  not  only  with  problems  of  relocating  people 
but  also  with  problems  of  dislocation  and  disruption  of  schools,  roads, 
markets,  churches,  and  other  similar  community  services.  There  is  a 
responsibility  to  render  assistance  in  planning  and  making  these 
adjustments. 


IMPROVED  FARMING  AND  FARM  LIVING 

Good  crops  and  profitable  prices  have  made  the  Basin  a land  of 
plenty  in  recent  years,  but  many  problems  remain  unsolved  and  many 
needs  unfilled.  In  spite  of  the  favorable  years,  farmers  require 
reserves  and  plans  to  protect  themselves  against  possible  drought. 
They  must  follow  proper  land  use  principles  and  install  conservation 
practices  to  protect  their  land  from  both  drought  and  intense  rains. 
Supplemental  irrigation  can  help.  The  additional  irrigation,  amount- 
ing to  5 or  6 million  acres,  can  contribute  to  the  stability  of  agricul- 
tural communities  when  they  are  developed.  But  most  of  the  crop 
land  will  always  be  farmed  without  benefit  of  irrigation  and  will  have 
to  depend  on  farming  around  the  weather.  The  search  for  better 
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land  and  water  management  practices,  improved  conservation 
techniques,  and  better  adapted  varieties  of  crops  and  forage  is  far 
from  finished. 

This  agricultural  program  is  designed  to  provide  farmers  with 
improved  technology  that  safeguards  farm  business  stability.  Another 
imperative  goal  is  the  credit  that  tenants  need  to  become  landowners 
in  their  own  right  and  operators  to  live  through  crop  failures.  In 
cooperation  with  the  land-grant  colleges  and  universities,  the  program 
will  assure  farmers  year-around  educational  opportunities  with  full- 
time, well-trained  representatives  to  bring  the  latest  reliable  infor- 
mation on  new  and  improved  methods  of  making  a profitable  and 
comfortable  living.  Reliable  market  and  production  information  will 
be  provided,  as  well  as  a program  of  research  which  lays  a basin-wide 
foundation  for  agricultural  improvement.  The  State  agricultural 
experiment  stations  will  cooperate  in  this  program  and  coordinate  their 
research  with  it.  Basic  research  in  soils,  plant  breeding,  animal 
breeding  and  feeding,  insect  control,  agricultural  engineering,  forestry, 
and  agricultural  economics  is  often  unspectacular,  but,  without  it, 
this  Nation  could  not  have  achieved  its  increase  of  50  percent  in 
total  agricultural  production  since  World  War  I. 

The  'Missouri  Basin  agricultural  program  is  directed  toward  im- 
provement of  farm  life  and  the  welfare  of  rural  communities.  Since 
the  days  of  the  first  farms  and  farm  homes  in  the  basin,  agricultural 
services  have  expanded  to  cover  a wide  field  not  only  with  respect  to 
technology  but  also  in  programs  of  service  and  research  to  promote 
greater  security  and  more  convenient  and  comfortable  living  for  basin 
farmers  and  their  families. 

The  sparse  population  of  a large  part  of  the  basin  creates  difficulties 
in  furnishing  adequate  rural  community  services.  Roads,  schools, 
health  facilities,  rural  electric  lines,  and  other  services  are  expensive 
in  thinly  settled  areas.  Another  problem  is  the  few  employment 
opportunities  for  the  rural  youth  within  the  area.  About  half  these 
farm  boys  and  girls  find  opportunity  only  by  migrating  from  the  farm. 
In  the  past  many  have  left  the  basin.  Industry  and  trade  in  the 
basin  must  expand  to  balance  the  agricultural  resources  and  to  furnish 
a more  stable  population  and  employment  pattern. 

If  the  Missouri  Basin  is  to  realize  its  greatest  potential,  farm  homes 
and  rural  community  life  must  be  made  attractive  and  satisfying. 
This  means  better  housing  with  available  rural  electrification,  conven- 
ient domestic  water  supply,  and  other  home  improvements  and  equip- 
ment comparable  to  urban  standards.  Rural  youth  will  be  attracted 
by  nothing  less.  Improved  health  services  in  the  form  of  hospitals, 
clinics,  good  doctors  and  dentists  also  are  essential  to  the  rural  com- 
munity as  well  as  improved  roads,  schools,  and  recreational  facilities. 
All  these  are  important  in  maintaining  farm  families  with  pride  and 
determination  to  make  fullest  use  of  the  investments  being  made  in 
the  Missouri  Basin  development  program. 

SECTION  III.  RECOMMENDED  AGRICULTURAL  PROGRAM 
FOR  THE  MISSOURI  RIVER  BASIN 

In  this  section,  there  is  set  forth  a multiple-purpose  and  unified 
agricultural  program  for  the  Missouri  River  Basin.  This  program 
embraces  the  agricultural  measures  and  activities  required  for  the  full 
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and  efficient  development,  utilization,  and  conservation  of  the  land 
resources  of  the  basin.  It  is  designed  to  balance,  complement,  and 
support  programs  and  works  for  flood  control,  water-supply  develop- 
ment, water-power  generation,  navigation,  and  like  purposes,  and  to 
be  carried  out  concurrently  with  them.  It  contemplates  the  accel- 
eration of  a number  of  programs  and  activities  now  being  carried  out 
in  the  basin  by  the  United  States  Department  of  Agriculture,  the 
land-grant  colleges  and  universities,  and  other  public  agencies.  It 
also  provides  for  the  effective  integration  and  coordination  of  these 
programs  and  activities. 

This  section  has  been  divided  into  the  following  chapters: 

A program  of  conservation  and  improvement  measures  for  grass- 
land and  cropland 

A program  for  forest  and  forest  range  lands 
A program  of  stabilizing  measures  for  small  watercourses 
A program  in  aid  of  irrigation 

A program  to  improve  drainage  on  agricultural  lands 
A program  of  soil  surveys  and  land  classification 
A program  of  research  and  investigations 
A program  of  extension  education 
A supporting  credit  program 
Rural  electrification  in  the  Missouri  Basin 

It  is  recommended  that  the  multiple-purpose  and  unified  agricul- 
tural program  as  contained  in  this  report  be  approved.  In  general, 
the  work  recommended  in  this  report  will  be  carried  out  in  accordance 
with  the  provisions  of  existing  laws  relating  to  the  activities  of  the 
Department  of  Agriculture. 

In  some  instances,  it  is  necessary  that  these  authorities  be  expanded 
or  modified  to  adapt  them  to  the  program  set  out  herein.  For  ex- 
ample, the  program  outlined  in  A Supporting  Program  of  Credit  is 
an  expansion  of  existing  authority  tailored  to  meet  the  needs  of  the 
region.  In  other  instances,  as,  for  example,  in  A Program  of  Exten- 
sion Education  and  A Program  of  Conservation  and  Improvement 
Measures  for  Grassland  and  Cropland,  it  is  necessary  to  remove 
certain  limitations  as  to  the  allotment  of  funds. 

While  approval  is  requested  of  the  entire  program  set  forth  in  the 
section  entitled  “A  Program  of  Stabilizing  Measures  for  Small  Water- 
courses,” there  is  requested  at  this  time  an  authorization  for  appro- 
priation for  the  initial  stage  of  the  program  for  the  installation  of 
such  stabilization  measures. 

The  approval  of  this  report  conferring  authority  on  the  Secretary 
to  carry  out  the  recommended  program  shall  not  be  construed  to  limit 
the  exercise  of  powers  heretofore  or  hereafter  conferred  upon  him  or 
any  agency  of  the  United  States  Department  of  Agriculture  to  carry 
out  any  of  the  measures  described  herein  or  any  other  measures,  but 
such  authority  shall  be  supplemental  to  the  powers  and  authority 
conferred  upon  the  Secretary  or  any  agency  of  the  Department  under 
existing  law. 

In  furtherance  of  this  program,  it  is  recommended  that  the  Sec- 
retary of  Agriculture  be  authorized  to  make  further  surveys  and 
investigations  of  any  part  of  the  Missouri  River  Basin  to  determine 
its  agricultural  resources,  potentialities,  problems,  and  needs,  and 
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to  prepare  and  submit  to  the  Congress  such  reports  and  recommenda- 
tions with  respect  thereto  as  he  may  deem  appropriate. 

It  is  recommended  that  the  Secretary  of  Agriculture  be  authorized 
to  make  such  modifications  or  substitutions  of  the  measures  described 
herein  as  may  be  deemed  advisable  due  to  changed  physical  or 
economic  conditions  or  improved  techniques  whenever  he  determines 
that  such  action  will  be  in  furtherance  of  the  objectives  of  the  recom- 
mended program. 

It  is  contemplated  that  the  Secretary  of  the  Interior  will  carry  out 
that  part  of  the  program  proposed  for  installation  of  measures  on 
lands  under  the  administration  of  the  Department  of  the  Interior. 

Certain  kinds  of  basic  data  that  will  be  required  in  putting  the 
proposed  program  into  effect,  such  as  topographic,  geologic,  and 
stream-flow  data,  are  regularly  collected  by  agencies,  such  as  the 
United  States  Geological  Survey,  the  activities  of  which  are  not 
covered  by  this  report.  The  Department  of  Agriculture  will  con- 
tinue to  look  to  these  agencies  for  such  basic  data.  Should  need 
arise  for  special  information  of  the  kind  collected  by  these  agencies, 
the  Department  of  Agriculture  will  arrange  for  them  to  secure  such 
information  under  appropriate  cooperative  agreements. 

The  assistance  of  the  Fish  and  Wildlife  Service  and  interested  State 
agencies  will  be  sought  in  planning  and  carrying  out  measures  that 
would  affect  the  fish  and  wildlife  resources  of  the  basin,  particularly 
with  respect  to  drainage  and  the  installation  of  works  for  stabilizing 
small  watercourses. 

At  the  time  appropriations  are  sought  for  any  part  of  the  program, 
the  Department  of  Agriculture  will  submit  to  the  Appropriations 
Committees  information  on  the  attitudes  of  proposed  participants 
and  cooperators  in  the  program,  including  State  and  local  agencies, 
rural  organizations,  farmers,  ranchers,  woodland  operators,  and  others. 

Program  of  Conservation  and  Improvement  Measures  for 
Grassland  and  Cropland 

The  phases  of  the  program  covered  in  this  chapter  deal  primarily 
with  the  individually  owned  and  operated  farms  and  ranches  in  the 
basin.  Lands  in  public  ownership  are  included  only  to  the  extent 
that  they  are  under  lease  and  form  a part  of  an  individual  farm  or 
ranch. 

Conservation  and  management  of  land  resources  in  the  Missouri 
Basin  is  essentially  a task  for  the  basin’s  582,000  farmers  and  ranchers. 
They  need  a specific  program  that  gives  them  the  help  they  require, 
and,  at  the  same  time,  encourages  them  to  get  on  with  the  work. 
Part  of  the  job  rests,  of  course,  with  those  public  agencies  whose 
responsibility  it  is  to  administer  public  forests  and  other  public  lands. 

The  use  the  individual  makes  of  his  land — whether  or  not  he  con- 
serves and  protects  its  productivity — is  determined  by  his  knowledge, 
his  skills,  his  experience,  and  his  attitudes,  plus  many  influences 
outside  his  own  choice.  National  and  basin- wide  land  policies  and 
programs  must  serve  as  his  allies  in  gaining  the  goal  of  conservation 
and  good  land  use. 

As  set  forth  in  this  agricultural  program,  Government  has  a major 
function  to  take  active  steps  to  preserve  and  protect  the  land,  water, 
and  forest  resources  of  this  important  river  basin  by  working  with 
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the  farmers  and  ranchers  to  provide  technical  information  and  other 
aids  for  the  conservation  and  management  of  croplands,  range  lands, 
and  forests,  to  help  groups  of  farmers  organize  the  most  effective 
water  management  and  land  management  in  entire  watersheds,  and 
to  make  provision  for  equitable  sharing  of  the  costs  between  the 
individual  landowner  and  the  public.  The  fullest  uses  of  public 
lands  of  the  basin  consistent  with  sound  conservation  and  long-time 
benefits  to  the  greatest  number  of  people  is  another  function  of 
Government  set  forth  in  this  program. 

The  rate  of  progress  in  establishing  essential  soil  and  water  con- 
servation and  management  measures  will  be  slow  in  relation  to  the 
urgent  need  to  conserve  irreplaceable  land  resources.  Only  on  the 
national  forests  and  other  publicly  owned  land  can  Government 
determine  the  rate  at  which  it  shall  apply  conservation  measures. 
How  rapidly  and  how  completely  a conservation  program  can  be 
installed  on  the  privately  owned  land,  78  percent  of  the  basin’s 
area,  rests  ultimately  with  582,000  farmers  and  thousands  of  land- 
owners. 

Much  has  already  been  done  to  establish  conservation  practices  on 
the  lands  of  the  Missouri  Basin,  but  much  more  remains  to  be  done. 
During  the  15  years  since  organized  national  programs  have  permitted 
direct  work  with  farmers  and  ranchers,  fully  75  percent  of  the  farms 
and  ranches  have  participated  in  initiating  some  conservation  prac- 
tices. However,  a relatively  small  percent  of  the  lands  of  the  basin 
are  now  estimated  to  be  under  adequate  conservation  management. 

Some  phases  of  conservation  were  retarded  during  the  war  years,  but 
an  enormous  acceleration  is  now  possible  and  is  badly  needed.  The 
program  proposed  in  this  report  would  result  in  a great  increase  in  the 
rate  of  applying  conservation  measures. 

In  this  accelerated  program,  provision  is  made  to  work  with  each 
farmer  and  rancher  in  developing  and  applying  conservation  practices 
and  adopting  the  combination  of  land-use  measures  each  farm  and 
ranch  needs.  The  program  likewise  proposes  to  obtain  appropriate 
conservation  measures  on  specified  problem  areas  or  small  watersheds. 
This  effort  will  be  applied  selectively  by  concentrating  first  in  the  most 
critical  areas  and  by  expanding  as  rapidly  as  possible  to  all  problem 
areas  of  the  basin. 

The  public  will  share  with  private  landowners  and  operators  the 
costs  of  economically  sound  conservation  measures  on  cropland,  grass- 
land, and  forests.  Provisions  are  made  in  this  plan  for  assistance  in 
the  form  of  direct  aids,  technical  services,  education  and  information, 
credit,  research,  and  other  aids  or  assistance  in  the  form  of  materials, 
equipment,  and  services.  Farmers  and  ranchers  will  provide  a fair 
proportion  of  the  cost  of  materials  and  equipment,  and,  in  addition, 
bear  costs  of  seedbed  preparation,  seeding,  spreading  of  lime  and 
fertilizer,  maintenance  of  structures,  labor  required  for  application, 
and  other  costs  normally  involved  in  the  installation  and  maintenance 
of  conservation  practices. 

Public  assistance  will  be  held  to  a small  percentage  of  the  cost  of 
feasible  practices  in  general  use  in  certain  areas,  and  the  aid  will  not 
exceed  the  amount  needed  to  gain  similar  applications  on  all  farms. 
Certain  practices,  however,  need  to  be  introduced  and  demonstrated, 
especially  some  with  benefits  other  than  those  directly  accruing  to  the 
treated  land.  In  these  instances,  the  public  will  bear  a larger  pro- 
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portion  of  the  cost.  A wide  degree  of  flexibility  must  be  maintained 
in  the  public  assistance  in  order  to  foster  conservation  practices  in  the 
kinds  and  amounts  necessary  to  fit  the  wide  range  of  land  conditions 
from  one  end  of  the  basin  to  the  other. 

The  conservation  practices  and  land-use  measures  recommended  for 
privately  owned  and  public  lands  are  described  here  in  terms  of  their 
estimated  scope  and  the  public’s  share  of  the  cost.  In  planning  for 
their  application  year  by  year  and  area  by  area,  the  Secretary  of  Agri- 
culture will  be  guided  by  economic  conditions,  improvements  in 
technology,  and  other  considerations  essential  to  a sound  program. 

MEASURES  FOR  GRASSLAND 

The  privately  owned  and  operated  range  and  pasture  in  the  basin 
amounts  to  approximately  157.5  million  acres.  These  lands  are  parts 
of  operating  units  which  vary  from  small  farms  in  the  east  to  large 
ranches  in  the  west.  The  eastern  pastures  are  intermingled  with 
cropland  and  are  used  primarily  for  supplemental  forage.  The  west- 
ern ranges  are  often  intermingled  with  large  areas  of  public  range  or 
forest  lands.  Integrated  programs  of  management  will  be  applied  to 
public  lands  which  adjoin  privately  ownea  areas. 

The  proposed  conservation  practices  are  those  that  will  (1)  con- 
tribute directly  to  the  establishment  and  maintenance  of  vegetative 
cover,  (2)  permit  management  and  use  of  forage  crops  on  a sustained- 
or  improved-yield  basis,  and  (3)  reduce  erosion  where  natural  cover  is 
inadequate. 

The  application  of  these  measures  will  be  accelerated  by  additional 
technical  assistance  in  the  form  of  management  plans  worked  out  with 
ranchers  and  farmers  and  by  providing  incentive  payments,  conserva- 
tion materials,  and  services. 

Practices  to  establish  or  maintain  grass  cover 

Reseeding  ranges  and  pastures. — Reseeding  approximately  17.5  million 
acres  of  depleted  or  denuded  range  and  pasture  land  with  adapted 
varieties  of  legumes  and  grasses  is  recommended.  This  acreage  in- 
cludes areas  where  natural  methods  are  incapable  of  restoring  cover, 
unpalatable  weeds  and  browse  are  predominant,  and  accelerated  ero- 
sion has  depleted  the  topsoil  to  the  extent  that  vegetation  must  be 
replaced.  Most  reseeding  will  require  proper  seedbed  preparation 
and  improved  planting  methods.  Careful  management  practices  will 
be  necessary  until  grass  is  fully  established. 

Range  and  pasture  management. — Changes  and  improvements  in  man- 
agement methods  are  recommended  for  approximately  117.3  million 
acres  of  grassland.  Management  involves  adjustment  of  livestock 
numbers  to  give  the  grass  a better  chance  to  grow  and,  where  a sub- 
stantial proportion  of  the  desirable  forage  plants  is  still  present,  to 
reseed  itself.  The  cost  of  restoring  grassland  with  native  adapted 
varieties  is  often  much  less  than  the  cost  of  reseeding.  The  cover  and 
forage  is  in  many  cases  far  superior  to  that  of  introduced  or  domestic 
varieties. 

This  practice  will  necessitate  the  adjustment  of  livestock  numbers 
to  the  capacity  of  each  grazing  unit.  Proper  management  may  re- 
quire total  protection  of  problem  areas,  rotation  and  deferred  grazing, 
changes  in  seasons  of  use,  and,  in  extreme  cases,  changes  in  the  class 
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of  livestock.  These  practices  will  become  a part  of  the  conservation 
program  to  be  used  with  other  practices  on  each  ranch  and  farm. 

Deferred  grazing. — Deferred  grazing  is  recommended  on  approxi- 
mately 7.7  million  acres  of  summer  range  or  pasture  land  principally 
in  Kansas,  Nebraska,  and  South  Dakota.  This  practice  protects  and 
improves  grasslands  depleted  through  grazing  in  the  growing  and  seed 
development  period.  The  periodic  use  of  this  practice  will  permit 
complete  forage  growth  to  build  up  vitality  and  soil-binding  root 
growth,  to  produce  adequate  ‘seed  for  natural  reseeding,  and  to 
provide  moisture-conserving  cover  which  will  reduce  run-off  and 
protect  the  soil. 

Practices  to  promote  better  distribution  of  livestock  and  protect  grasslands 

Livestock  watering  facilities . — Additional  livestock  watering  facilities 
are  needed  to  permit  proper  distribution  of  grazing.  They  are  es- 
sential before  proper  management  methods  may  be  adopted.  Prop- 
erly spaced  watering  places  reduce  the  concentration  of  grazing  and 
encourage  more  uniform  use  of  grassland.  They  promote  optimum 
use  of  forage  resources  and  eliminate  serious  depletion  along  running 
streams  and  large  flowing  springs.  Proper  grazing  management  and 
proper  rates  of  stocking  are  essential  to  make  improved  watering 
facilities  fully  effective.  Their  distribution,  as  well  as  their  types, 
are  governed  by  the  topography,  location,  size,  and  management 
methods  of  farms  or  ranches. 

Assistance  is  recommended  to  help  farmers  and  ranchers  expand  the 
rate  of  constructing  ponds,  developing  springs  and  seeps,  drilling  or 
digging  wells,  and  installing  supplemental  storage  tanks  and  pipe 
lines. 

Ponds:  It  is  recommended  that  407,000  4 additional  ponds  be  con- 
structed where  they  are  the  most  practical  and  feasible  method  of 
providing  livestock  water.  In  the  lower  basin  and  eastern  plains, 
ponds  have  demonstrated  their  value  as  a primary  source  of  water 
in  diversified  farming.  Available  water  enables  many  farmers  to 
establish  permanent  pasture  on  areas  that  are  unsuited  to  cultivated 
crops. 

Larger  ponds  have  proven  better  because  they  provide  livestock 
water  for  longer  periods.  The  water  supply  in  these  larger  structures 
can  be  assured  even  though  the  normal  evaporation  loss  is  high  in 
certain  areas.  In  extreme  drought,  they  have  been  known  to  provide 
adequate  water  for  two  grazing  seasons.  Some  ponds  will  need 
linings  to  be  effective.  These  ponds,  added  to  the  250,000  reservoirs 
already  constructed  under  programs  of  the  United  States  Department 
of  Agriculture,  will  have  a storage  capacity  estimated  conservatively 
at  more  than  4,000,000  acre-feet.  These  structures  are  adaptable 
to  certain  areas  in  all  State0  in  the  basin. 

Springs  and  seeps:  It  is  recommended  that  approximately  32,700 
springs  and  seeps  be  developed.  Springs  and  seeps  generally  supply 
the  most  economical  livestock  water;  therefore,  all  feasible  sources 
should  be  developed.  They  are  generally  found  in  the  more  rugged 
parts  of  the  basin  where  geological  changes  have  brought  water- 
bearing strata  to  the  surface. 

Wells:  It  is  recommended  that  approximately  78,000  additional 
wells  be  provided  on  the  larger  ranches  in  the  arid  and  semiarid  areas. 

4 Only  about  one-third  of  these  will  be  constructed  in  those  parts  of  the  basin  above  areas  now  irrigated 
or  approved  for  irrigation. 
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Public  assistance  is  recommended  only  when  development  costs  are 
reasonable  and  other  suitable  facilities  are  impracticable.  Wells  at 
farm  or  ranch  headquarters  are  not  included  in  this  recommendation 
since  they  contribute  little  to  the  distribution  of  livestock  and  con- 
servation of  grazing  land. 

Supplemental  water  storage  at  wells  or  springs:  It  is  recommended 
that  approximately  21,000  storage  structures  be  provided  in  the  arid 
and  semiarid  range  areas.  These  installations  will  furnish  an  ade- 
quate supply  of  water  available  for  use  during  the  entire  grazing  season. 
Seasonal  flowing  springs  and  wells  equipped  with  windmills  are  more 
effective  if  the  water  is  stored  for  use  when  proper  managemert 
dictates.  Stored  water  can  be  piped  to  locations  where  other  water 
facilities  cannot  be  brought  into  use.  These  are  recommended  as  a 
contributing  measure  to  conservation  of  water  and  range  lands. 

Pipe  lines:  It  is  recommended  that  approximately  7.7  million  linear 
feet  of  pipe  lines  be  installed  to  carry  available  livestock  water  to 
areas  without  other  water  sources.  Pipe  lines  can  furnish  water  from 
a central  source  to  two  or  more  pastures  in  a rotational  pasture  system. 

Lining  reservoirs:  It  is  recommended  that  approximately  28,000 
ponds  be  lined  to  prevent  seepage.  Public  assistance  should  be  limited 
to  those  structures  where  unforeseen  seepage  develops.  Bentonite, 
oil-  or  asphalt-treated  soil,  and  impervious  clay  are  most  commonly 
used  for  this  purpose.  This  practice  will  prevent  water  losses  due 
to  seepage  and  will  make  the  ponds  effective  for  water  storage.  The 
number  of  ponds  that  need  to  be  lined  is  small  in  comparison  with  the 
total  constructed. 

Fences. — Proper  grazing  management  requires  65,000  miles  of  fences 
to  control  and  distribute  livestock.  These  fences  are  needed  to  pre- 
vent trespassing  on  the  large  open  ranges  and  to  divide  ranges  into 
pastures  which  will  permit  rotational  grazing  and  promote  proper 
range  use.  In  some  instances,  denuded  or  badly  eroded  areas  and 
sand  dunes  must  be  protected  by  excluding  all  livestock  as  a means 
of  reestablishing  natural  vegetation.  New  seedings  also  need  pro- 
tective fencing.  Public  assistance  should  be  limited  to  fences  essen- 
tial to  improved  grassland  management  and  not  include  replacements 
or  fences  constructed  for  crop  protection. 

Livestock  trails. — The  construction  of  approximately  2,000  miles 
of  livestock  trails  is  recommended  to  obtain  better  distribution  of 
livestock.  Trails  are  used  to  open  up  inaccessible  areas  of  grass 
and  water.  They  also  are  effective  in  correcting  erosion  hazards 
which  have  developed  from  livestock  trailing  long  distances  through 
natural  passes  to  forage  or  water. 

Fire  guards 

Approximately  166,000  miles  of  fire  guards  are  recommended  for 
construction  along  roads,  highways,  railroad  rights-of-way,  ridges, 
and  other  strategic  lines.  The  problem  of  protecting  grazing  lands 
from  fire  has  increased  materially  as  the  result  of  improved  manage- 
ment methods  which  encourage  the  accumulation  of  crop  residues  for 
soil  cover.  This  increases  the  accumulation  of  inflammable  materials. 
Recommended  fire  guards  expose  the  bare  mineral  soil  for  a minimum 
width  of  10  feet  by  cultivation  or  the  use  of  chemicals  or  oil  in  special 
areas.  This  practice  should  be  extended  to  prevent  the  loss  of 
conservation  measures  by  fires. 
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Control  of  rodents 

A program  of  eradication  and  control  of  prairie  dogs  and  ground 
squirrels  is  recommended  on  approximately  10.3  million  heavily 
infested  acres.  The  destruction  of  forage  by  rodents  seriously 
retards  any  conservation  program.  In  areas  of  serious  infestation, 
the  native  vegetation  is  sometimes  completely  destroyed  as  the 
rodents  eat  both  the  tops  and  roots  of  forage  plants. 

Control  of  insects 

A control  program  is  recommended  to  reduce  the  hazard  of  grass- 
hoppers and  Mormon  crickets.  Approximately  2.1  million  acres  are 
seriously  infested.  In  favorable  seasons,  these  infestations  will  spread 
over  a large  portion  of  the  basin  and  destroy  both  grassland  cover 
and  crops. 

Removal  of  competitive  and  poisonous  plants 

The  removal  of  undesirable,  unpalatable,  and  poisonous  weeds  and 
brush  from  approximately  16.2  million  infested  acres  is  recommended. 
Many  times  this  condition  has  resulted  from  the  destruction  of  natural 
vegetation  by  drought  or  misuse.  The  competition  for  moisture 
prevents  the  area  from  producing  an  adequate  cover  to  control  wind 
or  water  erosion.  In  addition,  the  economic  value  of  the  land  is 
impaired.  The  removal  of  these  plants  will  allow  natural  grass  to 
become  reestablished  and  enable  the  range  to  return  to  its  normal 
productive  capacity.  The  removal  of  these  plants  can  be  accomp- 
lished by  mechanical  methods  such  as  railing,  mowing,  and  grubbing 
and  by  the  use  of  chemicals. 

Supplemental  erosion-control  measures 

In  areas  of  accelerated  wind  or  water  erosion,  mechanical  control 
measures  are  sometimes  required.  These  measures  generally  are 
temporary  and  serve  to  control  erosion  until  gullies  or  other  eroded 
areas  can  heal  with  natural  revegetation.  The  recommended  prac- 
tices are  applicable  to  grassland  and  include  water-spreading  structures 
and  contour  furrows  or  pitting.  Other  practices,  such  as  the  estab- 
lishment of  waterways  and  outlets,  roadside  and  stream-bank  erosion 
control,  and  erosion-control  structures  are  among  the  recommended 
practices  applicable  to  either  crop  or  grassland. 

Contour  furrows  or  pitting. — It  is  recommended  that  contour  furrows 
or  pits  be  installed  on  approximately  5.2  million  acres  of  grassland. 
This  practice  is  needed  mainly  on  grassland  areas  in  the  upper  water- 
shed and  western  plains  where  active  water  erosion  must  be  controlled 
before  a satisfactory  vegetative  cover  can  be  established.  On  the 
gentle  slopes,  contour  furrows  have  proven  successful  in  reducing 
floodwaters  and  increasing  grass  production. 

Water-spreading  practices. — It  is  recommended  that  ditches,  dikes, 
terraces,  and  dams  be  employed  on  approximately  2.3  million  acres  of 
range  lands  to  spread  surplus  floodwaters.  These  supplemental 
irrigation  systems  increase  the  quality  and  quantity  of  forage.  Gen- 
erally the  structures  are  placed  in  dry  washes  and  arroyos  where 
flash  floods  and  spring  run-off  cause  active  erosion.  These  structures 
reduce  the  velocity  of  floodwater,  check  erosion  in  the  draws  or 
arroyos,  spread  the  water  over  dry  grassland,  and  increase  the  yields 
of  grass  and  hay. 
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Summary  of  measures  for  grassland 

The  quantities  and  costs  of  the  measures  recommended  for  grass- 
lands are  summarized  inf  table  15. 

Table  15.' — Measures  primarily  for  grassland 


A. 


B. 


C. 


Conservation  or  land-use  measures 


Establishment  or  maintenance  of  cover: 

1.  Reseeding  ranges  or  pastures 

2.  Range  and  pasture  management 

3.  Deferred  grazing 

Distribution  of  livestock  and  protection: 

1 . W atering  facilities : 

(а)  Ponds 

(б)  Springs  and  seeps 

(c)  Wells 

(d)  Water  storage 

( e ) Pipe  lines 

(/)  Lining  reservoirs 

2.  Fences 

3.  Trails 

4.  Fireguards 

5.  Control  of  rodents 

6.  Control  of  insects 

7.  Control  of  weeds  and  brush 

Erosion  control  measures: 

1.  Contour  furrows  and  pitting 

2.  Water  spreading 

Total 


Unit 

Estimated 

needs 

Cost 1 

Thousands 

Thousands 

of  dollars 

Acres  

17, 413 

161, 908 

do  

117, 320 

51, 259 

do 

7,763 

4, 797 

Number 

407 

404,018 

do 

33 

16, 631 

do 

78 

155, 013 

do_  

21 

14,415 

Linear  feet 

7,657 

15, 903 

Number  

28 

3,  668 

Miles 

65 

66, 418 

do  

2 

995 

do 

166 

5,238 

Acres  

10,354 

5,310 

do  

2,124 

2, 073 

do__ __ 

16, 212 

88,  574 

do 

5,251 

24, 937 

do 

2,382 

78, 869 

1, 100,026 

1 Estimated  total  cost  of  installation  or  application. 


MEASURES  FOR  CROPLAND 

The  goal  in  conservation  of  croplands  is  inseparable  from  the  goal 
of  profitable  production.  The  production  efficiency  of  thousands  of 
farms  can  be  increased  through  maintaining  grass  and  legumes  on  slop- 
ing land  endangered  by  erosion  in  intertilled  crops.  To  make  use  of 
more  hay  and  forage  means  that  more  farm  operators  must  have  skills 
with  livestock  and  capital  for  breeding  stock,  fences,  and  buildings. 
Thus  a pattern  of  new  practices,  skills,  and  resources  is  required  to 
attain  the  indivisible  goals  of  conservation  and  profitable  production. 

The  program  recommended  for  the  Missouri  Basin’s  113,000,000 
acres  of  cropland  will  encourage  and  assist  farmers  to  put  the  land 
to  its  best  uses.  Some  land  now  used  for  crops  will  be  used  for  pasture 
or  for  woods.  Adapted  crop  varieties,  improved  production  methods, 
rotations,  insect  and  disease  control,  fertilizers,  and  lime — all  have  their 
place  in  the  conservation  measures.  Experience  has  shown  that 
erosion  cannot  be  controlled  on  some  lands  by  good  cropping  practices 
alone.  It  will  require  concurrent  use  of  terraces  which  in  turn  require 
terrace  outlets,  of  gully  control  structures,  and  of  other  measures.  An 
accelerated  conservation  program  is  essential  to  foster  the  adoption 
of  desirable  practices  in  critical  areas  of  the  basin. 

Soil-conserving  crops  and  crop  management 

Seeding  grasses  and  legumes. — Grasses  and  legumes  are  recommended 
for  approximately  20,000,000  acres  of  cropland.  This  includes  areas 
for  permanent  cover,  permanent  pasture,  seed,  hay  production,  and 
proper  crop  rotations,  flotation  seedings  are  useful  in  building  up 
soil  fertility  and  soil  structure  and  counteracting  the  losses  from  soil- 
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depleting  crops.  These  crops  are  utilized  for  hay,  seed  production, 
and  supplemental  pasture.  Better-balanced  farming  is  stimulated 
by  promoting  supplemental  livestock  farming  in  connection  with  cash 
crops.  The  abnormal  expansion  of  soil-depleting  crops  (mainly  corn, 
wheat,  and  oats)  during  the  war  and  postwar  periods  resulted  in 
plowing  up  grassland,  curtailing  summer  fallow,  and  disrupting  crop 
rotations.  In  this  connection,  an  adequate  supply  of  adapted  grass 
and  legume  seeds  must  be  provided. 

Green  manure  and  cover  crops. — Adapted  green  manure  and  cover 
crops  are  recommended  for  the  protection  of  approximately  13,000,000 
acres  of  cropland.  Cover  crops  protect  barren  cropland  from  erosion 
when  other  crops  are  not  growing  on  the  land.  The  use  of  these  crops 
as  green  manure  adds  organic  matter  which  improves  the  structure  of 
the  soil,  increases  water-absorbing  and  water-holding  capacity,  forms 
organic  acids  or  other  compounds  which  aid  in  liberating  mineral  plant 
foods,  and  adds  to  the  supply  of  available  nitrogen  when  nitrogen-fixing 
legumes  are  used.  These  crops  also  aid  materially  in  reducing  run-off 
and  in  guarding  topsoil  from  either  wind  or  water  erosion. 

Crop  residue  management. — The  use  of  straw  and  stubble  residues  to 
give  erosion  protection  to  34,000,000  acres  devoted  to  grain  crops  is 
recommended.  Crop  residue  management  requires  tillage  practices 
that  will  incorporate  part  of  the  straw  and  stubble  into  the  surface 
soil.  A large  part  must  be  left  on  the  surface.  This  use  of  crop 
residues  builds  up  organic  matter  and  provides  adequate  soil  cover. 
In  arid  regions  of  alternate  crop  and  summer  fallow,  this  practice 
offers  protection  from  wind  erosion  and  helps  conserve  badly  needed 
moisture.  The  development  of  this  practice  has  aided  materially  in 
discouraging  the  custom  of  destroying  crop  residues  by  fire  and  in 
other  ways. 

Strip  cropping. — Strip  cropping  is  recommended  for  approximately 
20.5  million  acres  of  relatively  level  cropland  in  the  western  plains. 
This  practice,  primarily  a protection  against  wind  erosion,  is  applied  by 
growing  alternate  strips  of  protective  and  protected  crops.  Protec- 
tive crops  are  close-grown  grain,  stubble,  and  strips  of  native  sod, 
planted  legumes,  or  grasses.  These  protect  summer  fallow  and  row 
crops.  In  fight,  sandy  soils,  strip  cropping  is  an  effective  method  of 
safeguarding  summer  fallow.  In  wind  erosion  areas,  crop  residues  and 
cover  crops,  in  connection  with  strip  cropping,  will  permit  the  con- 
tinued use  of  these  lands.  The  protective  strips  help  to  hold  snow  and 
thereby  provide  moisture  for  subsequent  crops. 

Contour  farming  practices 

In  many  instances,  crop  and  cropping  practices  must  be  accom- 
panied by  mechanical  measures,  especially  on  sloping  and  undulating 
cropland.  They  include  the  installation  of  structures  and  the  adop- 
tion of  cultivation  methods  that  will  hold  surplus  water  or  dispose  of 
it  at  nonerosive  velocities.  Practices  of  this  type  are  required  if 
cultivated  crop  production  is  to  be  maintained  on  a large  part  of  the 
undulating  and  sloping  lands  of  the  basin.  These  practices  will  aid 
materially  in  reducing  run-off  and  stabilizing  the  topsoil. 

Terraces. — Approximately  1.9  million  miles  of  terraces  are  recom- 
mended for  construction  on  sloping  and  undulating  cropland.  Gradi- 
ent terraces  which  will  dispose  of  surplus  water  at  nonerosive  speeds 
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are  needed  on  impervious  soils  and  in  the  eastern  part  of  the  basin. 
Level  terraces  which  will  hold  available  moisture  on  the  land  are 
needed  on  permeable  soils  in  the  western  part.  Terraces  of  proper 
design  shorten  slopes,  encourage  contour  farming,  and  in  general, 
maintain  and  increase  crop  yields.  Sod  waterways  and  protected 
terrace  outlets  must  be  established  in  all  water  disposal  systems. 

As  a useful  supplement  to  terracing  systems,  diversion  terraces  dis- 
pose of  excessive  run-off  from  drainage  areas  of  higher  elevation.  In 
arid  regions,  they  collect  water  from  the  steeper  slopes  and  divert  it 
to  slopes  where  it  can  be  spread  for  the  production  of  crops.  Diver- 
sion terraces  also  serve  as  temporary  protection  for  drainage  areas 
while  sod  waterways  are  being  established. 

Contour  and  cross-slope  strip  cropping. — Approximately  7,000,000 
acres  of  sloping  land,  subject  to  wind  and  water  erosion,  should  be 
farmed  on  the  contour  or  cross-slope  strip  cropping  systems.  Alter- 
nate strip  crops  should  be  employed  when  contour  strips  will  not  ade- 
quately control  wind  erosion.  Cross-slope  strip  cropping  is  useful 
in  areas  in  which  broken  terrain  makes  a contour  system  impractical. 

Contour  and  cross-slope  farming. — Farming  on  the  contour  is  recom- 
mended for  approximately  36,000,000  acres  of  sloping  and  undulating 
cropland.  Contour  farming  should  be  applied  with  terraces,  on 
gentle  slopes  and  in  areas  where  contour  strip  cropping  is  not  recom- 
mended. Cross-slope  farming  should  be  used  when  broken  terrain 
makes  contour  farming  impracticable. 

Special  measures 

Under  specified  conditions,  the  application  of  special  practices  is 
recommended.  In  arid  regions,  emergency  measures  are  necessary 
when  plant  growth  is  inadequate  to  cover  the  soil  during  droughts. 

Emergency  wind  erosion  control.—  Emergency  practices  are  recom- 
mended to  meet  the  challenge  of  wind  erosion  on  approximately  2.4 
million  acres  of  light,  sandy  soil  in  the  arid  region.  These  are  contour 
listing,  contour  chiseling,  basin  listing,  pit  cultivation,  and  emergency 
listing  at  right  angles  to  prevailing  winds.  These  practices  break 
the  smooth  surface  with  implements  that  penetrate  the  plow  sole 
and  bring  clods  to  the  surface  to  assist  in  preventing  soil  blowing. 

Land  clearing. — About  1.5  million  acres  should  be  cleared  of  trees 
and  brush  to  develop  and  improve  pasture  and  cropland.  This  land 
is  mainly  fertile  areas  in  the  river  and  creek  bottoms.  Most  of  it  is 
suitable  for  the  development  of  improved  pastures.  On  small  sub- 
sistence farms,  where  the  need  for  cash  income  from  all  available 
cropland  prohibits  farmers  from  retiring  land  to  soil-building  or  con- 
serving uses,  areas  suitable  to  the  continuing  production  of  crops 
should  be  cleared.  This  is  recommended  in  order  to  attain  the  most 
productive  use.  Clearing  should  be  limited,  however,  to  land  of 
high  quality  and  suitable  for  continuous  cultivation. 

Summary  of  measures  for  cropland 

The  quantities  and  estimated  costs  of  the  measures  recommended 
for  cropland  are  brought  together  in  table  16. 
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Table  16. — Measures  for  cropland 


Conservation  measures 

Unit 

Estimated 

needs 

Cost  1 

A.  Conserving  crops  and  crop  management: 

1.  Seeding  grasses  and  legumes 

Acres 

Thousands 
20, 276 
13, 177 
34, 022 
20, 525 

1, 961 
7,090 
35, 982 

2, 484 
1,496 

Thousand 
dollars 
262, 656 
103, 400 
108, 823 
64,  859 

996,  949 
73,  780 
203,  758 

11,317 
76, 960 

2.  Green  manure  and  cover  crops 

_ do 

3.  Crop  residue  management 

do 

4.  Strip  cropping ..  . _ . 

do 

B.  Contour  farming  practices: 

1.  Terraces ---------  

Miles 

2.  Contour  and  cross-slope  strip  cropping. . 

Acres 

3.  Contour  and  cross-slope  farming . 

--_  do 

C.  Special  measures: 

1.  Emergency  wind  control. . ..  . 

do 

2.  Land  clearing..  

do 

Total 

1, 902,  502 

1 Estimated  total  cost  of  installation  or  application. 


MEASURES  APPLICABLE  TO  BOTH  CROPLAND  AND  GRASSLAND 

Land-improvement  measures 

The  application  of  lime  and  fertilizer  and  the  control  of  perennial 
noxious  weeds  are  practices  which  are  needed  on  both  cropland  and 
grassland.  These  practices  require  public  assistance  in  gaining  their 
acceptance  and  use.  TVith  other  practices  and  measures,  they  aid  in 
obtaining  proper  land  use  and  the  successful  application  of  soil- 
conservation  measures. 

Lime.—  Lime  is  recommended  for  application  on  approximately 
20,000,000  acres  of  farm  land  deficient  in  calcium  and  magnesium. 
This  land  lies  in  the  high  rainfall  area  of  the  eastern  part  of  the  basin, 
and,  in  some  cases,  in  irrigated  areas.  In  most  of  the  high  rainfall 
area,  lime  is  essential  to  grow  legumes.  Experiments  indicate  that 
legumes  supply  less  nitrogen  where  lime  is  deficient.  Lime  is  a first 
requisite  to  a sound  crop  rotation  and  conservation  program  on  much 
of  the  land  in  the  high  rainfall  area. 

Fertilizers.—  Fertilizer  applications  are  recommended  on  approxi- 
mately 19.7  million  acres  of  grasses  and  legumes,  green  manure  and 
cover  crops,  and  sod  waterways.  This  acreage  consists  of  9 million 
acres  of  pasture  land  and  10.7  million  acres  of  grasses  and  legumes  on 
cropland.  "Recommended  fertilizers  include  superphosphate,  potash, 
sulphur,  gypsum,  and  boron.  Superphosphate  is  the  principal  ferti- 
lizer recommended  in  the  establishment  and  production  of  soil- 
conserving  crops.  Sulphur  and  gypsum  are  used  mainly  in  the  irri- 
gated sections  to  improve  the  soil  structure  and  counteract  alkali. 
Light  applications  of  boron  are  needed  on  some  of  the  alfalfa  grown 
in  the  upper  watershed.  Public  assistance  is  recommended  only  for 
the  establishment  of  soil-conserving  crops,  legumes,  and  grasses. 

Weed  control. — Public  assistance  is  recommended  for  the  eradication 
of  perennial  noxious  weeds  from  approximately  10.6  million  acres  of 
infested  farm  land.  In  the  basin,  the  most  common  noxious  weeds 
are  bindweed  (wild  morning  glory),  Russian  knapweed,  hoary  cress 
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(white  top  and  perrennial  pepper  grass),  leafy  spurge,  Canadian  and 
perennial  sow  thistle,  and  quackgrass.  These  are  a constant  menace 
to  the  agricultural  economy,  particularly  in  irrigated  sections  where 
seeds  are  spread  with  irrigation  water.  Work  should  begin  at  the 
source  of  infestation.  Proposed  methods  are  clean  cultivation  and  the 
use  of  chemicals. 

Minor  structures  and  other  installations  associated  with  land  treatment 

To  supplement  and  support  the  land-treatment  measures  recom- 
mended for  installation  on  croplands  and  grasslands,  certain  minor 
structures  and  mechanical  measures  must  be  installed.  For  example, 
when  land  is  terraced,  outlet  channels  must  be  provided.  Again, 
minor  erosion  control  structures  must  be  installed  in  some  fields  to 
support  vegetative  treatments. 

The  kinds  and  quantities  of  measures  of  this  type  recommended  for 
installation  are  described  in  the  following.  There  are  not  included 
here  works  that  are  justified  principally  by  the  reduction  of  offsite 
flood  and  sediment  benefits.  These  will  be  found  in  the  Program  of 
Stabilizing  Measures  for  Small  Watercourses. 

Outlets  and  waterways. — Approximately  431,000  miles  of  grassed 
waterways  are  needed  to  check  active  erosion  in  drainage  areas  on 
farm  land  and  to  provide  for  the  disposition  of  surplus  water  at  non- 
erosive  velocities.  Natural  waterways  will  be  reshaped;  gullies  will 
be  filled,  and  mixtures  of  sod-forming  grasses  and  desirable  legumes 
will  be  established.  Where  fields  are  terraced,  protected  outlet  chan- 
nels will  be  constructed.  Where  necessary,  checks,  drops,  diversions 
and  other  measures  will  be  used  in  connection  with  grassed  waterways 
when  water  must  be  conveyed  over  steep  slopes  or  lowered  rapidly. 
During  installation,  diversion  terraces  will  generally  be  used  to  protect 
the  waterway  until  vegetative  growth  is  adequate.  Waterways  must 
be  maintained  and  protected.  Heavy  growth  may  need  to  be  removed 
to  permit  the  free  flow  of  water  and  prevent  smothering  the  sod  crops. 
Lime  and  fertilizer  should  be  used  when  needed  to  keep  the  vegetal 
growth  thrifty. 

Erosion-control  structures . — Approximately  785,200  minor  erosion- 
control  structures  are  needed  to  check  active  erosion  on  fields.  The 
structures  to  be  built  will  include  concrete,  rubble  masonry,  rock,  rock 
and  brush  or  earth  dams  and  concrete,  rubble  masonry  or  lumber,  box 
drains,  flumes,  chutes,  or  outlets. 

Roadside  and  stream-hank  erosion  control. — Approximately  18,990 
miles  of  eroded  stream  bank  and  roadsides  should  be  treated  on  farms 
and  ranches  by  the  operators.  The  measures  to  be  used  will  include 
the  construction  of  rock,  concrete,  wire-meshing,  or  timber  riprap, 
and  the  establishment  of  permanent  vegetal  cover  by  seeding  adapted 
varieties  of  grass  or  planting  shrubs.  This  practice  is  effective  in 
checking  erosion  of  stream  banks  and  gullies,  preventing  erosion  in 
irrigated  or  drained  areas  and  stabilizing  open  cuts  or  fills  along  road- 
sides. 

Summary  oj  measures  applicable  to  both  cropland  and  grassland 

The  quantities  and  kinds  of  measures  applicable  to  both  cropland 
and  grassland  are  summarized  in  table  17. 
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Table  17. — Measures  applicable  to  both  cropland  and  grassland 


Conservation  measures 

Unit 

Estimated 

needs 

Cost 1 

Land-improvement  measures: 

Lime _ 

Acre 

20. 340. 000 

19. 724. 000 

10. 624. 000 

430. 804. 000 

785. 200. 000 

18.990. 000 

$279,487,000 
239,  715, 000 

184. 408. 000 

403. 444. 000 

376. 937. 000 
89, 288, 000 

Fertilizer 

do  . _ 

Weed  control  _ 

do 

Erosion  control  measures: 

Outlets  and  waterways  - - - 

Mile 

Erosion-control  structures  - - _ 

Number 

Mile 

Roadside  and  stream-bank  erosion  control 

Total 

1, 573, 279, 000 

1 Estimated  total  cost  of  installation  or  application. 


SUMMARY  OF  COSTS  OF  CONSERVATION  AND  IMPROVEMENT  MEASURES 
FOR  CROPLAND  AND  GRASSLAND 

The  estimates  of  the  kinds  and  quantities  of  land  conservation  and 
improvement  measures  needed  in  the  Missouri  Basin  are  the  product 
of  joint  consideration  by  all  interested  agencies,  State  and  Federal. 
They  are  based  upon  all  available  information  and  upon  the  knowledge, 
experience,  and  judgments  of  technicians  and  farmers. 

The  estimated  costs  are  sufficient  to  cover  only  the  initial  installa- 
tion of  all  the  measures  recommended.  It  is  assumed  that  the  cost 
of  maintaining  the  measures  will  be  borne  by  the  farmers  and  ranchers. 
However,  it  is  to  be  understood  that  they  will  receive  such  encourage- 
ment and  assistance  in  this  as  may  be  available  from  year  to  year 
under  Nation-wide  agricultural  programs  and  activities  not  included 
in  the  program  recommended  in  this  report. 

The  Federal  contributions  listed  in  the  tables  under  Administration 
and  Technical  Assistance  and  under  Direct  Aids  are  those  considered 
necessary,  on  the  basis  of  experience,  to  get  the  measures  installed. 
In  estimating  the  amounts  of  direct  aid  needed,  the  farmers’  out-of- 
pocket  expenses  were  taken  into  consideration. 

The  costs  to  be  borne  by  farmers,  as  set  out  in  the  tables,  include 
their  out-of-pocket  expenses  plus  the  estimated  value  of  the  farmers’ 
labor,  costs  of  operating  machinery,  including  depreciation,  and  other 
expenses  including  temporary  loss  of  income  in  putting  new  measures 
into  effect. 

The  costs  of  all  measures  recommended  for  croplands  and  grasslands 
are  summarized  in  table  18. 

Table  18. — Summary  of  costs  of  conservation  practices  and  measures  on  privately 
owned  and  operated  croplands  and  grasslands 


Thousand  dollars] 


Item 

Federal  costs 

Private 

Installation 
cost 1 

Administra- 
tive and 
technical 

Direct  aids 

Measures  on  grassland 

Measures  on  cropland ... 

Measures  on  both ...  

Total 

71,438 
125, 017 
101, 205 

214, 430 
370, 858 
306, 682 

885,  596 
1,  531,  644 
1,  266,  597 

1. 171,  464 
2, 027,  519 
1, 674, 484 

297, 660 

891, 970 

3, 683, 837 

4, 873, 467 

1 Estimated  totallcost  of  installation  orjapplication. 
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A Program  for  Forest  and  Forest-Range  Lands 

The  United  States  Department  of  Agriculture  forestry  program 
essential  to  the  full  development,  utilization,  and  conservation  of  the 
forest  resources  of  the  Missouri  Basin  is  shown  for  lands  in  four  major 
types  of  ownership.  These  are:  (1)  national  forests,  including  lands 
recommended  for  acquisition  within  existing  boundaries;  (2)  lands 
now  in  State,  county,  and  municipal  ownership;  (3)  lands  outside  the 
national-forest  boundaries  recommended  for  public  ownership, 
whether  Federal,  State,  or  local;  and  (4)  lands  to  remain  in  private 
ownership.  These  distinctions  are  necessary  because  public  responsi- 
bilities and,  in  some  cases,  the  recommended  improvements  vary  with 
class  of  ownership. 

On  Federal  lands,  the  program  proposes  to  raise  the  intensity  of 
management  so  as  to  attain  the  maximum  public  benefits  from 
integrated  development  and  use  of  forest  lands.  Similar  management 
standards  are  assumed  for  non-Federal  public  lands,  although,  of 
course,  in  State  and  local  plans,  State  and  local  needs  would  be  given 
more  emphasis.  The  program  on  private  lands  is  intended  to  increase 
their  productiveness  through  better  protection  and  good  forest-  and 
range-management  practices,  with  due  regard  to  the  public  interest. 

The  forestry  measures  have  been  divided  into  three  main  groups: 
resource  capital  improvements,  other  capital  investments,  and 
recurrent  annual  costs. 

RESOURCE  CAPITAL  IMPROVEMENTS 

Timber  resource 

Forest  'planting  (< excluding  shelter  belts  and  windbreaks). — Forest 
planting  is  needed  on  more  than  2.8  million  acres  of  cut-over,  burned- 
over,  or  otherwise  denuded  forest  lands.  Some  of  this  is  in  the  non- 
commercial zone  at  high  altitudes  where  a forest  cover  is  essential  to 
soil  stability,  increased  snow  storage,  and  retarded  melting.  Inter- 
planting is  needed  on  an  additional  2.2  million  acres  where  the  stands 
are  poorly  stocked  and  poor  in  quality.  In  nine  Missouri  Basin 
States,5  successful  planting  to  date  covers  less  than  1,000,000  acres. 
In  1947,  about  22,000  acres  were  planted  in  these  States.  The  rate 
of  planting  will  be  increased  several  times  to  bring  the  land  to  full 
productivity  and  provide  needed  watershed  cover  in  30  years. 

Nurseries. — The  supply  of  trees  for  forest  and  shelter-belt  planting 
is  wholly  inadequate  to  meet  the  planting  needs.  State  and  Federal 
nurseries  in  9 Missouri  Basin  States 5 have  an  annual  output  of 
about  23,000,000  trees.  Only  8 nurseries,  with  an  output  of  about 
15,000,000  trees,  are  actually  within  the  basin.  The  recommended 
program,  including  shelter  belts,  windbreaks,  and  erosion-control 
plantings,  will  require  an  average  of  a quarter  of  a billion  trees  a year. 
Existing  nurseries  should  be  expanded  and  new  ones  established. 
Private  nurseries  also  should  be  encouraged  to  grow  trees  for  forest  and 
shelter-belt  planting. 

Timber-stand  improvement . — Weeding,  release  cutting,  and  planta- 
tion care,  pruning  and  thinning  young  stands,  and  other  silvicultural 
measures  are  required  to  improve  composition  of  the  stands,  the  quality 


5 Excluding  Minnesota. 
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of  timber,  and  the’growth  per  acre.  Included  with  these  practices  is 
the  salvaging  from  public  lands  of  bug-killed  timber  which  is  not 
economically  attractive  to  private  loggers.  Little  attention  has  been 
given  to  the  improvement  of  timber  stands  in  the  basin,  except  in 
parts  of  the  national  forests.  In  the  next  30  years,  some  2.6  million 
acres  of  plantation  will  need  release  cutting  or  other  care;  1 million 
acres  of  young  timber  should  be  pruned,  and  nearly  4 million  acres 
will  need  weeding,  thinning,  release  cutting,  and  other  stand  improve- 
ment. 

Forest-range  resource 

Reseeding. — Approximately  400,000  acres  of  forest  range,  chiefly  on 
national-forest  lands,  are  recommended  for  reseeding.  This  is  one  of 
the  principal  supplemental  means  by  which  many  depleted  ranges  can 
be  restored  to  productive  condition.  It  can  be  achieved  only  under 
favorable  growing  conditions  and  with  protection  from  grazing  during 
the  period  of  establishment.  Within  recent  years,  reseeding  has  been 
undertaken  on  an  extensive  scale  and  has  proved  effective. 

Fences , corrals , and  miscellaneous  stock-handling  jacilities. — The 
estimates  provide  for  almost  76,000  miles  of  fence,  chiefly  for  farm 
woodlands,  and  more  than  600  stock-handling  facilities.  These 
improvements  are  necessary  for  the  control  and  management  of  live- 
stock. Fencing  is  needed  to  keep  livestock  out  of  farm  woodlands  in 
the  eastern  part  of  the  basin  because  grazing  is  generally  harmful  in 
these  hardwood  stands.  In  the  western  part,  many  forest  ranges  are 
not  sufficiently  fenced  to  insure  adequate  distribution,  particularly 
in  the  case  of  cattle  grazing.  The  natural  tendency  is  for  livestock  to 
gather  on  well-watered  areas  with  relative!}7  little  grazing  on  drier  and 
steeper  slopes. 

Stock-watering  jacilities. — The  program  calls  for  developing  5,600 
springs,  wells,  ponds,  and  other  water  facilities.  Their  development 
will  encourage  better  distribution  of  livestock  on  western  forest  ranges. 
The  availability  of  water  in  the  inaccessible  areas,  rougher  terrain,  and 
the  drier  parts  of  the  ranges  encourages  the  use  of  forage  which  other- 
wise might  remain  practically  untouched. 

Stock  driveways. — The  program  recommends  nearly  1,300  miles  of 
stock  driveways,  all  on  national  forests  or  other  public  lands.  Besides 
offering  access  to  isolated  forest  ranges,  new  cattle  trails  will  relieve 
the  congestion  created  by  driving  livestock  on  public  roads.  The 
work  consists  primarily  of  clearing  trees  and  brush,  some  fencing, 
occasional  small  bridges,  some  trail  building  in  the  rougher  country, 
and  posting. 

Fish  and  wildlife  resource 

Habitat  improvement. — The  amount  of  work  needed  to  improve 
wildlife  habitats  is  relatively  small,  but  it  is  necessary  in  the  production 
and  maintenance  of  fish  and  wildlife.  Forest  use  often  disturbs  or 
destroys  their  natural  habitats.  This  is  clearly  illustrated  in  streams 
choked  by  debris,  in  lands  flooded  above  dams,  and  in  livestock  com- 
petition for  browse.  Wildlife  habitat  will  be  improved  by  planting 
aquatic  plants,  trees,  and  shrubs  to  provide  food  and  shelter,  and  by 
carefully  locating  clearings  to  encourage  browse  and  create  the 
environment  needed  by  many  game  species. 

Stream  and  lake  improvement. — In  some  places,  stream  improve- 
ments are  recommended  to  encourage  fish  life  by  building  small  dams 
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and  deflector  bars  to  form  pools  and  by  removing  log  jams  and  other 
obstructions  to  normal  migration.  Improvements  also  will  be  made 
in  lakes  by  stabilizing  their  levels,  exterminating  rough  fish,  and 
providing  spawning  facilities. 

Recreation 

Camp  and  picnic  developments. — An  accelerated  program  involving 
detailed  development  plans,  establishment  of  new  camp  and  picnic 
areas,  rehabilitation,  and  the  enlargement  of  existing  areas  is  recom- 
mended. At  present  the  need  for  camp  and  picnic  facilities  far 
exceeds  the  capacity.  A continuing  increase  is  anticipated  over  the 
next  30  years,  amounting  in  some  localities  to  500  percent  more  than 
the  present  use. 

Winter  sports. — Forty-eight  new  winter-sports  areas  should  be 
developed  to  cope  with  the  increasing  popular  participation  in  this 
form  of  recreation.  The  recommended  improvements  include  ade- 
quate parking  areas,  ski  slopes  and  trails,  posted  ski  trails,  and  shelters. 
The  national  forests  now  lack  sufficient  essential  facilities  for  sanitation 
and  safety  to  keep  abreast  of  winter  recreation  needs. 

Major  sanitation  and  water  systems. — The  program  recommends  the 
construction  of  adequate  sanitation  and  water  facilities  on  public 
areas  where  recreational  use  is  concentrated.  On  many  areas,  present 
facilities  are  antiquated  and  badly  in  need  of  replacement.  On  others, 
only  temporary  facilities  have  been  installed,  and  many  are  insufficient 
and  inadequate  to  accommodate  present  use. 

Structures. — The  recommended  program  includes  shelters,  bath- 
houses, boat  landings,  docks,  piers,  warming  huts,  toboggan  slides,  and 
scenic  vistas.  These  are  essential  to  the  full  enjoyment  of  the  recrea- 
tion the  public  forests  offer.  On  the  national  forests,  publicly  owned 
organization  camps  are  proposed  for  use  at  a small  fee  by  churches, 
civic-sponsored  organizations,  orphanages,  and  other  such  groups. 

Water 

Dams , reservoirs , ponds  {other  than  for  flood-control  purposes). — 
Approximately  560  small,  upstream  multiple-purpose  structures  are 
recommended  to  collect  water  for  use  in  drier  seasons  for  fire  control, 
wildlife,  and  recreational  purposes.  In  places  where  the  streams 
usually  become  very  low,  a small  amount  of  water  can  save  fish  life 
as  well  as  retain  recreational  attractiveness.  Some  of  the  structures 
also  serve  for  stream-gaging  purposes. 

Stream-pollution  control. — Sixty-seven  barriers  and  other  structures 
are  recommended  to  prevent  pollution  from  entering  streams.  The 
sources  are  mine  tailings,  chemical  substances,  and  other  waste 
primarily  from  abandoned  industrial  plants.  Sewage-disposal  sys- 
tems and  measures  to  control  sediment  from  soil  erosion  are  not  in- 
cluded in  this  recommendation. 

Land  rehabilitation 

Soil  improvement. — The  program  recommends  such  measures  as 
land  leveling,  irrigation  development,  and  general  rebuilding  of  the 
soil  on  approximately  97,500  acres  in  the  national  forests.  This 
acreage  consists  of  tracts,  suitable  for  specialized  crops  and  pasture, 
which  are  leased  to  individuals  or  used  by  the  Forest  Service.  The 
installation  of  these  measures  is  a Federal  responsibility  inasmuch  as 
the  land  leased  to  individuals  is  on  a year-to-year  basis.  Reimburse- 
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ment  can  be  expected  to  some  extent  through  increased  production 
and  possible  adjustments  in  leasing  rates.  Any  necessary  water 
rights  will  be  secured  as  provided  by  State  law. 

OTHER  CAPITAL  INVESTMENTS 

Shelterbelts,  windbreaks , and  other  protective  measures 

Insect , disease , and  poisonous-plant  control. — The  recommended  pro- 
gram anticipates  the  need  to  treat  at  least  300,000  acres  of  shelter- 
belt  and  windbreaks  for  damage  from  insects  and  disease  during  the 
next  30  years.  This  acreage  would  be  a small  fraction  of  the  total 
shelter-belt  plantings. 

The  clearance  of  obnoxious  and  poisonous  plants  from  330,000 
acres  is  recommended  to  increase  the  acreage  of  forest  grazing  and  to 
prevent  livestock  losses.  The  Klamath  weed  and  other  noxious 
plants  have  made  extensive  gains  in  recent  years,  while  the  presence 
of  larkspur  is  a constant  hazard  to  livestock. 

Rodent  and  predator  control. — Treatment  of  8,600,000  acres  for 
rodent  control  and  950,000  acres  for  predator  control  is  recommended. 
Plantations  are  frequently  damaged  by  rodents  which  eat  the  tender 
bark  and  cripple  or  kill  young  trees.  In  the  mountain  meadows, 
extensive  rodent  burrowings  may  dry  out  the  topsoil  and  shorten  the 
growing  season  for  the  grass  cover.  Predators  such  as  the  coyote 
and  bobcat  prey  on  livestock  and  at  times  cause  considerable  losses. 
Rodent  and  predator  control  is  primarily  the  responsibility  of  the 
Fish  and  Wildlife  Service. 

Special  erosion-control  plantings. — In  addition  to  plantings  for 
timber  production,  the  program  recommends  trees  and  shrubs  to 
control  sheet  and  gully  erosion  in  and  adjacent  to  farm  woodlands 
and  to  stabilize  sand  dunes  on  some  443,000  acres.  Because  the  sites 
are  generally  poor  and  growth  is  slow,  commercial  timber  from  such 
plantings  may  never  be  harvested. 

Shelierbelts  and  windbreaks. — The  program  recommends  245,000  ad- 
ditional miles  of  shelterbelt  which  will  benefit  12,000,000  acres  of 
agricultural  lands  and  750,000  additional  acres  in  windbreaks  around 
several  hundred  thousand  farmsteads  and  intermingled  rural  schools 
and  churches.  These  plantings  will  serve  many  purposes  and  their 
establishment  is  a part  of  the  conservation  program  on  the  farm. 

Administrative , fire  protection,  and  miscellaneous  improvements 

Fire-control  improvements. — Many  fire-control  improvements  would 
be  developed  with  those  for  administration  and  management.  Very 
little  mileage  in  roads  is  needed  solely  for  fire  control.  The  same  is 
true  of  communication  systems.  Housing  for  fire-fighting  crews  is 
often  located  at  administrative  headquarters  to  maintain  the  most 
effective  organization.  For  this  reason,  such  improvements  are  not 
separated  here  but  are  combined  with  the  recommended  administra- 
tive and  other  improvements  under  a subsequent  recommendation. 

Transportation  system. — Forest  development  roads  and  trails:  The 
recommended  program  will  provide  25,000  miles  in  additions  to  and 
improvements  in  the  road  systems  of  the  national  forests  and  5,200 
miles  of  similar  improvements  in  horse  and  foot  trails.  These  im- 
provements are  designed  to  protect,  develop,  and  assure  the  use  of 
national  forest  resources.  Roads  are  essentiahto  management  on  a 
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sustained-yield  basis.  Access  to  remote  timbered  areas  is  required 
to  increase  the  annual  cut  of  timber  from  the  national  forests  in  the 
Rocky  Mountains.  For  some  purposes,  horse  or  foot  trails  suffice. 

Landing  fields:  The  program  proposes  the  construction  of  approxi- 
mately 1,120  airplane  and  265  helicopter  landing  fields.  Airplanes 
and  helicopters  have  greatly  increased  the  mobility  of  fire-fighting 
crews  and  administrative  personnel  engaged  in  the  protection  and 
management  of  forest  lands.  Strategic  landing  fields  can  often  pro- 
vide sufficient  access  to  remote  country  and  reduce  or  eliminate  the 
need  for  roads. 

Communication  system. — The  public  agencies  operating  in  the  basin 
need  some  4,200  miles  of  telephone  lines  and  more  than  900  stationary 
and  mobile  radio  units.  These  installations  will  assure  the  rapid 
communication  essential  for  fire  control  and  administrative  purposes. 

Structural  improvements.— Additional  field  offices,  warehouses,  look- 
out towers,  fire-crew  barracks,  and  other  structures  are  recommended 
to  carry  out  the  fire  control  and  resource  management  program. 
Housing  also  must  be  provided  for  technical,  administrative,  and 
protection  personnel  in  rural  areas  where  suitable  quarters  are  not 
available. 

Surveys,  plans,  and  services 

Land  surveys  and  maps—  New  maps  based  on  aerial  photographs 
are  needed  for  nearly  all  of  the  forest  and  forest  range  lands  in  the 
basin.  Accurate  base  maps  are  essential  to  detailed  resource  manage- 
ment plans.  In  parts  of  the  Rocky  Mountains,  reliable  maps  are 
needed  to  supplement  inadequate  early  surveys  as  to  topography, 
land  drainage,  and  subdivision  lines. 

Resource  inventories  and  management  plans. — More  than  25,000,000 
acres  need  detailed  inventories  of  forest  resources,  including  rates  of 
depletion,  and  periodic  revisions  with  changing  conditions.  Provi- 
sions are  made  to  establish  special  study  plots  in  evaluating  conditions 
to  be  found  in  the  forest  and  forest  range  lands.  Detailed  manage- 
ment plans,  developed  and  maintained  currently  for  these  same  lands, 
would  incorporate  fire-control  needs,  transportation  requirements,  and 
other  needs  which  are  essential  to  the  development  and  use  of  the 
forest  resources.  Such  inventories  and  management  plans  will  be 
undertaken  primarily  on  public  lands. 

Land  purchase  and  exchange. — The  program  proposes  public  acqui- 
sition of  about  4.7  million  acres.  About  45  percent  is  within  the 
boundaries  of  national  forests.  Acquisitions  by  Federal,  State,  or 
local  governments  will  be  necessary  where  present  forest  land  manage- 
ment fails  to  safeguard  important  public  values.  Denuded  timber- 
land  and  badly  overgrazed  range  often  require  expensive  restoration 
measures  which  private  ownership  cannot  afford  to  undertake.  Often 
lands  of  particular  watershed  value  can  be  given  the  special  manage- 
ment they  require  only  in  public  ownership. 
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Signs,  tools,  equipment,  and  facilities. — Special  tools  and  equipment 
are  needed  in  performing  certain  phases  of  the  program,  such  as  fire 
fighting  and  tree  planting.  The  estimates  include,  in  addition,  per- 
manent signs  for  fire  protection  and  administrative  purposes. 

RECURRENT  ANNUAL  COSTS 

Installation  of  the  forestry  program  will  require  an  increase  in 
recurrent  annual  costs  for  fire  protection,  maintenance  of  improve- 
ments, technical  personnel,  and  other  services.  Benefits  of  the 
program  cannot  be  sustained  unless  the  responsibility  for  protection, 
operation,  and  maintenance  implicit  in  it  are  redeemed. 

The  proposed  forestry  program  will  be  largely  a continuing  process 
by  which  the  improved  management  desired  on  forest  lands  will  be 
brought  about  over  a long  period  of  years.  To  increase  the  timber 
production  on  the  national  forests,  technically  trained  personnel  in 
greater  numbers  is  needed  to  select  areas  for  timber  cutting,  to  plan 
cutting  methods,  and  to  supervise  cutting  practices  in  the  timber- 
sales  area.  The  same  need  for  personnel  is  present  in  the  steadily 
expanding  recreational  use  and  in  attaining  greater  benefits  from  all 
the  forest  resources. 

Most  State  and  county  forestry  agencies  are  inadequately  staffed 
to  administer  properly  the  public  lands  under  their  jurisdiction. 
Their  ultimate  needs  in  professional  personnel  would  conform  sub- 
stantially to  the  manpower  requirements  for  the  national  forests. 

Additional  fire-control  personnel  will  be  required  to  extend  fire 
protection  to  private  and  State  lands  now  without  organized  protec- 
tion, including  almost  73,000,000  acres  of  open  range  land,  and  to 
intensify  protection  elsewhere. 

Improvements  installed  under  the  accelerated  program,  such  as 
roads,  trails,  telephone  lines,  lookout  towers,  and  campground  facili- 
ties, will  necessitate  increased  annual  expenditures  for  maintenance. 
These  costs  will  increase  progressively  until  all  the  structures  and 
improvements  are  completed. 

ESTIMATED  COSTS 

The  estimated  costs  of  work  in  which  the  United  States  Depart- 
ment of  Agriculture  would  carry  the  Federal  responsibility  are  sum- 
marized in  table  19.  These  investment  costs  are  differentiated  by 
major  types  of  work  and  land  Ownerships.  They  include  expendi- 
tures for  material,  labor,  and  technical  personnel  that  are  required 
to  undertake  and  complete  the  installation  of  the  program.  Cost 
estimates  are  based  upon  1947 prices.  The  non-Federal  costs  shown 
for  private  lands  assume  that  all  work  would  be  paid  for  at  going  rates. 
Out-of-pocket  costs  would  be  less  than  those  shown. 
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Table  19. — Summary  of  Federal  and  non-Federal  capital  investments  in  the 
Department  of  Agriculture’ s accelerated  forestry  program  for  lands  in  different 
classes  of  ownership 

[Thousands  of  dollars] 


Class  of  work 

Na- 

tional- 

forest 

lands, 

Fed- 

eral 

costs 

State, 
county, 
munic- 
ipal 
lands, 
non- 
Fed- 
eral 
costs  1 

Private  lands 
recommended 
for  public 
ownership 

Private  lands 

All  ownerships 

Fed- 

eral 

costs 

Non- 

Fed- 

eral 

costs 

Fed- 

eral 

costs 

Non- 

Fed- 

eral 

costs 

Fed- 

eral 

costs 

Non- 

Fed- 

eral 

costs 

I.  Resource  capital  improvements: 

A.  Timber 

B.  Forest  range 

C.  Fish  and  wildlife 

D.  Recreation..  

E.  Water 

F.  Land  rehabilitation. 

54, 263 
14, 958 
4,  460 
18, 144 
3,  564 
1,010 

2,647 

740 

138 

375 

2 

6,447 

1,996 

188 

938 

3 

6, 446 
1,996 
189 
938 
2 

27, 315 
5,082 
392 

400 

191, 842 
35, 568 
392 
206 
400 

88,025 
22, 036 
5, 040 
19,  082 
3, 967 
1, 010 

200, 935 
38,  304 
719 
1,  519 
404 

Subtotal 

II.  Other  capital  investments: 

A.  Shelter  belts,  wind- 

breaks, and  other  pro- 
tective measures 

B.  Administrative,  fire  pro- 

tection, and  miscellane- 
ous improvements.. 

C.  Surveys,  plans,  and  serv- 

ices  

Subtotal 

Grand  total,  all  cap- 
ital improvements 

96,  399 

3, 902 

9,  572 

9,  571 

33, 189 

228,  408 

139, 160 

241, 881 

9,  785 

170,  202 
35, 909 

202 

1,562 

764 

357 

6,  324 
18, 673 

358 

6,  325 
18, 673 

83,  389 

110 

539 

250, 167 

10, 187 
4, 994 

93,  531 

176,  636 
55, 121 

250,  727 

18, 074 
24, 431 

215, 896 

2,  528 

25, 354 

25,  356 

84,  038 

265,  348 

325, 288 

293, 232 

312,  295 

6,  430 

34, 926 

34, 927 

117,  227 

493,  756 

464,  448 

535, 113 

1 A small  amount  of  Federal  contribution  involved  in  cooperative  programs  has  not  been  segregated  here. 


Estimates  of  recurrent  Federal  expenditures  are  shown  for  specified 
years  and  different  class  of  land  ownership  in  table  20.  The  increase 
of  these  annual  costs  is  projected  into  the  future  at  a rate  which  will 
keep  pace  with  the  progress  of  installation  in  the  capital-improvement 
phases  of  the  program. 


Table  20. — Projected  annual  Federal  costs  for  additional  protection,  operation,  and 
maintenance  involved  in  Department  of  Agriculture’ s accelerated  forestry  program 
for  lands  in  different  classes  of  ownership  1 


[Thousands  of  dollars] 


Year 

National 

forests 

Private 
lands  rec- 
ommended 
for  public 
ownership 

Private 
lands 1  2 

All  owner- 
ships 

1954 

6,289 
7, 461 
8,  533 
9,505 

10,  411 

11,  319 

422 

472 

7,183 
8, 461 
9,  643 

1959 

518 

482 

1964 

617 

493 

1969 

716 

505 

10,  726 

11,  678 
12, 631 

1974 

752 

515 

1979 

788 

524 

1 A small  amount  of  Federal  contribution  involved  in  cooperative  programs  on  State,  county,  and  munici- 
pal lands  not  shown. 

2 Federal  costs  on  private  lands  arise  from  cooperation  with  the  States  in  fire  protection.  Maintenance  of 
improvements  will  be  borne  by  the  private  land  owners  and  operators. 
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Estimates  for  both  capital  investment  and  recurrent  annual  costs 
are  confined  to  work  to  be  done  over  and  above  that  now  being  carried 
out  in  the  basin  as  part  of  Nation-wide  forestry  programs. 

The  extent  of  Federal  financial  assistance  will  vary  greatly.  On 
the  national  forests  and  other  Federal  lands,  all  capital  investments 
and  recurrent  annual  costs  would  be  borne  by  the  Federal  Govern- 
ment. (The  assumption  is  made  that  approximately  50  percent  of 
the  private  lands  outside  the  present  national  forest  boundaries 
recommended  for  public  ownership  will  be  Federal.)  On  State, 
county,  and  municipal  lands,  Federal  funds  would  be  primarily  for 
cooperative  forestry  programs  under  the  Clarke-McNary  Act.  On 
private  lands,  the  Federal  contribution  would  not  exceed  50  percent 
of  the  installation  costs  (i.  e.,  shelter  belt  and  windbreak  plantings, 
25  percent;  fire-protection  measures,  approximately  50  percent). 
No  Federal  funds  are  recommended  for  the  maintenance  of  improve- 
ments installed  on  private  lands.  The  Federal  Government,  however, 
would  cooperate  with  the  States  in  protecting  these  lands  from  fire. 

PROGRAM  FOR  LANDS  UNDER  JURISDICTION  OF  THE  UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 

Within  the  Missouri  Basin  the  United  States  Department  of  the 
Interior  has  jurisdiction  over  approximately  40,000,000  acres  of  land 
(table  21).  It  is  estimated  that  of  this  area  about  17,500,000  acres  of 
open  range  land  and  perhaps  5,000,000  acres  of  forest  and  forest  range 
land  require  the  application  of  a program  similar  to  that  proposed  in 
this  report  for  other  forest  and  forest  range  lands  in  the  basin.1  The 
Department  of  Interior,  within  the  time  available,  found  it  impossible 
to  prepare  adequate  estimates  of  the  cost  of  treating  these  lands.  It 
is  of  the  greatest  importance,  however,  that  measures  be  applied  to  the 
lands  under  the  jurisdiction  of  that  Department  at  the  same  time  as, 
and  in  close  coordination  with,  operations  on  other  lands.  Accord- 
ingly it  is  recommended  that  funds  for  this  purpose  be  made  available 
to  agencies  of  the  Department  of  the  Interior  during  the  30-year  period 
of  installation  in  accordance  with  such  program  plans  and  recommen- 
dations as  may  be  subsequently  developed  by  the  Department  of 
Interior  and  approved  by  the  Congress  for  this  purpose.  Arrange- 
ments will  be  made  for  close  cooperation  between  the  agencies  of  the 
Department  of  the  Interior  and  th&  agencies  of  the  Department  of 
Agriculture  in  carrying  out  the  proposed  program  with  a view  to 
insuring  coordination  and  synchronization  of  activities. 

Table  21. — Approximate  land  areas  under  jurisdiction  of  the  U.  S.  Department  of 


the  Interior 

Responsible  agency: 

Bureau  of  Land  Management:  Acres 

In  grazing  districts 12,  910,  000 

Outside  of  grazing  districts,  __ 5,  445,  000 

Office  of  Indian  Affairs „ 15,  032,  000 

National  Park  Service 2,  756,  000 

Fish  and  Wildlife  Service 825,  000 

Other  i 3,  032,  000 


Total 40,000,000 


* Reclamation,  power,  water  and  miscellaneous  withdrawals  and  stock  driveways. 


1 Lands  used  for  national  parks,  wildlife  refuges  and  certain  other  special  purposes  would  not  be  treated. 
Certain  other  lands  require  no  treatment. 
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A Program  of  Stabilizing  Measures  for  Small  Watercourses 

The  measures  recommended  in  this  chapter  were  estimated  primarily 
from  a survey  of  the  Missouri  River  watershed  made  under  the  1936 
Flood  Control  Act  for  the  purpose  of  developing  a program  of  run-off 
and  waterflow  retardation  and  soil-erosion  prevention.  The  recom- 
mended measures  consist  of  interrelated  and  interdependent  measures 
which  should  be  installed  concurrently  on  minor  watersheds  in  the 
proper  combination  and  sequence  with  land  use  and  conservation 
practices  on  crop,  grass,  and  forest  land  to  attain,  most  effectively  and 
economically,  the  objective  of  soil  and  water  conservation  and  reduc- 
tion of  land,  floodwater,  and  sediment  damages. 

Reduction  of  damage  to  land,  abatement  of  flood  and  sediment 
damages,  and  continued  maintenance  and  improvement  of  the  land 
and  water  resources  of  the  Missouri  River  Basin  depend  upon  the 
proper  integration  and  the  timeliness  of  installation  of  practices  and 
measures  recommended  in  this  report.  The  recommended  program 
as  a whole  will  increase  the  intake  of  water  into  the  soil,  retard  the 
movement  of  run-off  that  is  not  absorbed,  lead  the  water  that  is 
neither  retarded  nor  absorbed  along  its  least  damaging  route  to  the 
major  rivers,  and  trap  by  suitable  mechanical  means  as  much  sediment 
as  is  practicable. 

The  land  in  a watershed  should  be  used  and  treated  with  conserva- 
tion practices,  as  set  forth  in  the  programs  for  grassland  and  cropland 
and  for  forest  and  forest  range,  in  such  a manner  as  to  develop  the 
most  favorable  condition  for  infiltration,  water  storage,  and  yield  of 
agricultural  products.  This  favorable  soil  condition  will  retard  a 
maximum  amount  of  the  rainfall  consistent  with  the  use  of  land  for 
productive  purposes  and  will  reduce  the  rate  at  which  run-off  will 
reach  the  waterways  and  tributary  streams. 

On  the  other  hand,  it  is  commonly  recognized  that  even  under  the 
most  favorable  land-use  conditions,  the  intensity  of  numerous  rains 
will  exceed  the  infiltration  capacities  of  the  soils,  and  run-off  of  flood- 
forming proportions  will  occur.  Also,  it  is  well  known  that  rains 
often  fall  and  snow  melts  when  the  land  is  already  wet  or  frozen. 
This  can  result  in  the  formation  of  damaging  run-off  regardless  of 
what  the  use  and  treatment  of  the  land  may  have  been.  This  excess 
run-off  must  be  conducted  to  the  main  streams  in  an  orderly  manner 
if  damage  to  the  land  is  to  be  deduced  and  downstream  flood  and 
sediment  damages  abated. 

Stabilizing  measures  for  small  watercourses  are  needed,  therefore, 
to  temporarily  retard  the  damaging  run-off  so  that  it  will  pass  through 
the  minor  waterways  and  tributary  channels  without  overflowing  the 
bottom  lands.  Moreover,  these  waterways  and  channels  must  be 
protected  to  prevent  destruction  of  adjacent  land  by  erosion  of 
unstable  channel  banks  and  beds.  In  many  areas,  gully  systems  on 
watershed  lands  have  been  caused  by  unstable  channels  which  must 
be  protected  and  stabilized.  Failure  to  control  excess  run-off  and 
stabilize  waterways  leads  directly  to  watershed  deterioration  which 
will  eventually  destroy  a portion  of  the  base  upon  which  the  mainte- 
nance of  good  land  use  and  conservation  practices  depends. 

Furthermore,  the  stabilizing  measures  recommended  in  this  chapter 
are  essential  to  the  protection  of  the  reservoirs  authorized  or  proposed 
under  the  Pick-Sloan  plan.  Many  of  these  reservoirs  are  subject  to 
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seriously  high  rates  of  silting.  Many  of  them  are  located  in  subhumid 
and  semiarid  areas  of  the  basin.  In  these  areas  land  use  and  conserva- 
tion practices  alone  will  not  provide  a satisfactory  degree  of  sediment 
control.  They  should  be  supported  by  stabilizing  measures  of  the 
kind  recommended  in  this  program. 

The  broad  variation  in  the  economic  development  of  the  Missouri 
River  Basin  accounts  for  great  differences  in  land,  floodwater,  and 
sediment  damages  from  one  part  of  the  basin  to  another.  The  di- 
versified land,  floodwater,  and  sediment  problems  and  consequent 
damages  in  the  basin  are  also  related  to  the  wide  variations  in  physical 
factors  over  the  basin. 

FACTORS  INFLUENCING  FLOOD  DAMAGES 

Ozark  Highlands 

The  Ozark  Highlands  are  drained  by  the  Gasconade  River,  the 
Osage  River,  and  a number  of  smaller  streams  entering  the  Missouri 
River  along  the  lower  125  miles  of  the  length.  These  streams  and 
their  tributaries  have  moderate  to  steep  stream  gradients  and  com- 
paratively narrow  valleys. 

Originally  the  Ozark  Highlands  were  almost  completely  forested. 
Agricultural  settlement  took  advantage  of  the  most  easily  cleared 
areas,  which  often  were  not  suitable  for  agricultural  use.  Damaging 
erosion  has  been  the  result.  Unwise  timber-cutting  has  left  much 
poor  forest  cover  for  both  timber  production  and  watershed  protec- 
tion. Woodland  grazing,  a severely  damaging  practice,  has  been 
general  since  settlement.  Fire  has  been,  and  is,  used  extensively  to 
destroy  underbrush  and  thus  encourages  the  growth  of  grass  in  the 
woodlands.  Misuse  of  forest,  farm,  and  pasture  land  has  accelerated 
erosion  and  increased  surface  run-off. 

General  storms,  characterized  by  broad  extent  in  area,  long  dura- 
tion, and  local  high  intensities,  are  comparatively  frequent.  Thunder- 
storms are  common.  The  majority  of  storms  producing  significant 
run-off  occur  in  the  warm  season. 

Flood  flows  in  the  Ozark  Highlands  are,  in  general,  flashy,  and 
streams  seldom  remain  above  flood  stage  for  more  than  24  to  48 
hours.  Floods  resulting  from  ice  jams  or  snow  melt  are  practically 
unknown.  Floods  of  high  to  medium  frequency  cause  a major 
portion  of  the  flood  damage.  In  the  Gasconade  River  watershed,  88 
percent  of  the  past  flood  damage  has  resulted  from  discharges  with  a 
calculated  frequency  of  10  years  or  less.  In  the  Osage  River  water- 
shed, tributary  streams  have  experienced  damaging  floods  on  the 
average  of  three  times  a year  during  the  last  25  years. 

These  small  but  frequent  floods  on  tributary  streams  result  pri- 
marily from  a combination  of  high-intensity  rainfall  and  fast  run-off 
from  thin  soils  or  bedrock.  They  cause  considerable  damage  on  the 
fertile  agricultural  bottomlands,  the  best  cropland  in  the  area. 

Central  prairies 

The  central  prairies  are  drained  by  the  streams  entering  the  Missouri 
River  from  the  east  between  and  including  the  Chariton  and  Little 
Sioux  Rivers;  part  of  the  Osage  River  tributaries;  tributaries  to  the 
Platte  and  Kansas  Rivers  in  the  lower  100  miles  of  their  lengths;  and 
by  smaller  streams  flowing  into  the  Missouri  River  from  the  west 
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between  the  Osage  and  Niobrara  Rivers,  In  general,  the  gradients 
of  these  streams  and  their  tributaries  are  low,  and  the  flood  plains  are 
wide  and  highly  productive. 

The  rolling  and  hilly  topography  and  the  production  of  corn  on  the 
easily  erodible  soils  have  accelerated  run-off  and  caused  severe  erosion 
in  this  area.  Large  deep  gullies  and  serious  erosion  of  land  adjacent 
to  tributary  stream  channels  cause  heavy  loss  of  land.  The  income 
from  continuous  corn  production  is  such  that  farmers  are  reluctant  to 
follow  recommended  rotations  that  include  pasture,  hay,  small  grains, 
and  legumes. 

Spring  and  early  summer  rains,  often  of  high  intensity,  occur  when 
lands  have  the  least  protective  cover.  Rains  capable  of  producing 
significant  local  run-off  occur  on  an  average  of  once  to  twice  a year. 
About  54  percent  of  such  rains  occur  in  the  summer,  24  percent  in  the 
fall,  20  percent  in  the  spring,  and  2 percent  in  the  winter.  The  flows 
resulting  from  these  rains,  in  the  smaller  streams,  normally  do  not 
exceed  flood  stage  for  more  than  12  to  36  hours  but  in  larger  drainages 
of  500  or  more  square  miles,  damaging  stages  may  be  sustained  for  2 
to  5 days.  Damage  from  melting  snow  or  ice  jams  is  relatively  low. 

Stabilizing  measures  are  needed  to  control  gully  development  and 
channel  erosion  in  the  exceptionally  erodible  soils  of  this  area. 

Great  Plains 

The  southern  part  of  the  Great  Plains  is  drained  by  the  Platte, 
Smoky  Hill,  Solomon,  Republican,  and  Niobrara  Rivers.  The 
northern  part  is  drained  by  the  north-  and  east-flowing  tributaries  of 
the  Missouri  River  between  Great  Falls,  Mont.,  and  the  Niobrara 
River  and  by  all  south-flowing  tributaries  between  the  headwaters 
and  the  Big  Sioux  River.  Gradients  of  all  streams  and  tributaries 
are  low  to  moderate  and  flood  plains  are  comparatively  wide. 

The  Great  Plains  is  an  area  of  high  climatic  risk  and  includes  con- 
siderable land  that  is  marginal  for  crop  production.  The  use  of  these 
lands  has  been  influenced  by  rainfall  and  prices.  A series  of  wet  years 
with  favorable  prices  leads  to  the  expansion  of  crop  production,  and  a 
series  of  dry  years  with  unfavorable  prices  causes  abandonment  with 
the  land  bare  and  vulnerable  to  erosion.  Similarly,  in  favorable  years, 
stock  numbers  are  often  built  up,  leading  to  grass  and  soil  depletion 
and  sacrifice  sale  of  stock  during  unfavorable  years.  Under  these 
circumstances,  the  maintenance  of  protective  vegetation  is  difficult. 
A large  part  of  the  sediment  which  will  seriously  damage  the  multiple- 
purpose  reservoirs  and  irrigation  facilities  being  constructed  in  this 
part  of  the  basin  comes  from  submarginal  and  badland  areas,  from 
gullies  and  erosion  along  small  watercourses.  In  irrigated  areas, 
mismanagement  of  water  induces  the  problems  of  water  logging, 
salinity,  leaching,  and  erosion. 

In  the  southern  part  of  the  Great  Plains,  rains  producing  local 
run-off  occur  on  an  average  of  once  a year.  The  seasonal  distribution 
of  these  rains  varies  from  east  to  west  with  20  to  35  percent  occurring 
in  the  spring,  40  to  55  percent  in  the  summer,  20  to  25  percent  in  the 
fall,  and  1 to  3 percent  in  the  winter.  In  the  northern  part,  snow  melt 
is  about  equal  in  importance  to  rainstorms  in  causing  floods.  The 
snow-melt  flood  hazard  is  low  in  the  watersheds  of  the  Cheyenne, 
Bad,  and  White  Rivers  but  increases  to  the  north  and  west.  Spring 
floods  occur  on  the  streams  in  this  area  almost  every  year.  The 
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larger  streams  of  eastern  Montana  and  western  North  Dakota  are 
subject  to  ice  jams. 

Stabilizing  measures  are  needed  to  adequately  control  the  production 
and  movement  of  sediment  that  will  seriously  damage  the  reservoirs 
and  irrigation  facilities  being  constructed  in  this  part  of  the  basin. 

Rocky  Mountains 

The  Continental  Divide  is  the  western  watershed  boundary  from 
north  central  Colorado  to  northwestern  Montana.  The  mountainous 
area  east  of  the  Continental  Divide  is  drained  by  the  headwater 
tributaries  of  the  South  and  North  Platte,  Yellowstone  and  Missouri 
Rivers. 

The  most  erodible  soils  and  highest  rainfall  intensities  are  found 
at  the  lower  elevations  along  the  eastern  slope,  where  Ponderosa  pine, 
shrubs,  and  grasses  form  the  natural  cover.  Here  fire,  cultivation, 
overgrazing  by  livestock  and  big  game,  logging,  road  building,  and 
mining  operations  have  caused  extensive  sheet  and  gully  erosion, 
serious  channel  instability,  and  heavy  sediment  production.  Erosion 
has  not  been  serious  at  the  higher,  more  heavily  forested  elevations 
where  land  use  is  less  intensive.  Local  soil  and  channel  disturbances 
have  resulted  from  the  above  causes.  The  forest  cover’s  reduced 
capacity  to  retard  snow  melt,  as  a result  of  fire  and  heavy  cutting, 
has  been  responsible  for  earlier  and  higher  spring  floods  and  heavy 
debris.  In  a number  of  cases  this  has  led  to  channel  cutting  along  the 
entire  length  of  tributary  streams.  In  the  irrigated  sections,  poor 
water  management  results  in  increased  erosion,  waterlogging,  loss 
of  ditch  capacity,  salinity,  and  leaching  of  nutrients. 

Summer  and  fall  floods  are  produced  by  rainstorms,  and  spring 
floods  by  rains  or  snow  melt  or  a combination  of  them.  General  rain- 
storms are  rare  and  their  frequency  decreases  to  the  northward. 
The  foothills  and  mountain  front  zone  is  widely  known  for  its  thunder- 
storms and  resultant  flash  floods  on  streams  with  watershed  areas 
ranging  up  to  about  500  square  miles.  Thunderstorm  activity 
decreases  in  the  north.  The  United  States  Weather  Bureau  data 
reflect  an  average  of  50  to  60  days  annually  of  thunderstorm  activity 
along  the  mountain  front  in  Colorado  and  20  to  30  days  in  northern 
Montana.  Steep  topography,  thin  soils,  and  intense  short  rains 
result  in  high  peak  discharges  even  though  the  total  amount  of  water 
produced  by  the  storm  may  be  relatively  small.  The  flash  floods  rise 
and  fall  rapidly  and  damaging  stages  are  reached  for  short  periods 
even  by  streams  having  several  hundred  square  miles  of  drainage  area. 
Occasional  ice  jams  have  so  limited  an  effect  on  stream  stage  and 
damage  as  to  make  them  unimportant  in  the  flood  problem. 

DAMAGES — KINDS  AND  AMOUNTS 

A complex  set  of  conditions  is  responsible  for  the  wide  variation  in 
damages  crops  suffer  from  floods.  These  conditions,  in  general,  fall 
into  two  major  groups — namely,  the  characteristics  of  the  flood  and 
prevailing  conditions  on  the  farms. 

The  characteristics  of  the  floods  include  such  factors  as  depth, 
duration  of  inundation,  velocity  of  flow,  sediment  and  debris  content, 
topography  of  flooded  land,  weather  conditions  subsequent  to  flood, 
and  temperature  of  floodwater.  Local  conditions  such  as  the  direction 
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of  tillage  in  relation  to  direction  of  water  run-off  have  some  effect. 
In  some  cases,  stored  grain,  haystacks,  and  shocks  of  harvested  drops 
are  damaged  or  destroyed.  Considerable  delay  in  spring  planting  is 
experienced  in  many  bottomland  areas  every  year.  This  is  especially 
true  in  the  more  intensively  cultivated  areas.  Frequently  planting 
is  delayed  until  normal  yields  can  no  longer  be  expected.  Replanting 
is  common  and  results  in  increased  production  costs. 

Pasture  damage  is  especially  serious  along  larger  streams  where 
inundation  may  last  for  48  hours  or  longer.  Such  floods  deposit 
damaging  sediment  and  spread  noxious  weeds.  Damage  per  acre  is 
somewhat  less  along  small  streams  because  of  the  shorter  inundation, 
but  annual  damage  is  usually  increased  by  high  frequency. 

Fence  damage  is  widespread  in  the  more  densely  settled  and  inten- 
sively used  area.  The  major  part  of  the  damage  is  the  labor  and 
material  for  repair  and  replacement.  Other  costs  chargeable  to  fence 
damage  include  temporary  loss  of  pasture  due  to  broken  fences,  the 
recovery  of  strayed  livestock,  and  livestock  damage  to  crops. 

Farms  suffer  other  flood  damages.  Among  them  are  losses  of  live- 
stock, reduced  production  from  livestock,  and  damage  to  farm  roads, 
trees,  farm  water  supplies,  harvested  crops,  farm  improvements, 
equipment,  and  machinery.  However,  the  total  is  much  less  than 
the  damage  to  growing  crops. 

Irrigated  lands  on  river  terraces  or  other  areas  well  above  the  flood 
plains  ordinarily  do  not  suffer  from  the  overflow.  However,  serious 
damages  occur  on  irrigated  lands  as  a result  of  floodwaters  from  the 
uplands  and  slopes  above  the  supply  canals.  This  water  usually 
flows  down  gullies,  gulches,  small  tributary  streams,  and  other  water- 
ways from  the  uplands.  When  this  water  reaches  the  level  or  gently 
sloping  irrigation  units,  it  often  floods  a large  area  and  damages 
irrigation  facilities. 

Road  damage  is  generally  greater  on  county  and  local  roads  than 
on  the  better  designed  State  and  Federal  highways.  County  bridges, 
as  a rule,  are  not  designed  to  withstand  unusual  floods,  and  limited 
funds  often  delay  their  repair.  A damaged  bridge  is  usually  vulner- 
able to  more  floods.  Bridge  damages  are  unusually  high  in  areas  of 
active  valley  trenching.  Here  floodwaters  are  continually  deepening 
and  widening  stream  channels,  undermining  bridges,  and  washing  out 
many.  Railroads  feel  the  effect  of  the  floods  mostly  in  damages  to 
bridges,  culverts,  and  fills. 

Floodwater  and  sediment  damages  to  urban  areas  and  public  utilities 
are  common  in  the  basin.  Some  of  the  more  common  are  damage  to 
water  supplies,  streets,  business  investments  in  buildings  and  inven- 
tories of  goods,  public  utilities,  and  urban  residences.  These  are 
much  more  common  in  the  lower  part  of  the  watershed. 

Stream-bank  erosion  has  occurred,  to  some  extent,  in  all  four  major 
physical  land  areas.  However,  the  greatest  amount  has  been  suffered 
in  the  central  prairies  and  Great  Plains.  In  general,  both  the  rate 
of  damage  and  the  value  of  the  land  are  greatest  in  these  areas.  In 
addition,  more  intensive  use  of  bottomlands,  with  the  removal  of 
stabilizing  and  protective  trees  and  brush,  has  resulted  in  more  severe 
bank  erosion.  As  could  be  expected,  stream-bank  erosion  is  serious 
where  valley  trenching  has  progressed  to  a stable  grade  and  channels 
tend  to  meander  in  stream  reaches. 
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Land  damage  by  scour  is  most  severe  in  the  eastern  half  of  the 
watershed.  In  general,  scour,  caused  by  overbank  floodwater,  is 
prevalent  where  the  ground  lacks  a permanent  or  perennial  cover, 
especially  in  intensively  cultivated  bottomlands  when  the  ground  is 
bare.  Conversely,  land  with  a protective  cover  of  forest,  brush,  pas- 
ture, and  range  is  little  affected.  Light-textured  soils,  such  as  sands 
and  sandy  loams,  are  damaged  more  by  scour  than  loams,  silt  loams, 
and  clayey  soils  as  soil  particles  are  more  easily  detached  by  water. 
Scour  damage  is  less  extensive  in  the  western  half  of  the  watershed, 
except  in  irrigated  areas,  because  the  bottomlands  are  used  for  pasture. 
Scour  damage  is  greatest  in  the  central  prairies  and  along  the  larger 
streams  elsewhere. 

Gully  erosion  and  valley  trenching  account  for  the  greatest  share 
of  the  average  annual  land  damage.  The  lack  of  protective  cover  on 
the  formerly  vegetated  upland  areas  has  accelerated  gully  erosion. 
But  it  is  ordinarily  most  severe  in  cultivated  areas  of  rolling  and 
rough  topography.  Valley  trenching  is  the  process  by  which  the 
deepening  and  widening  of  channels  progresses  headward  in  estab- 
lished stream  systems.  Land  damage  by  gully  erosion  and  valley 
trenching  is  most  serious  in  the  central  prairies  and  in  the  eastern 
parts  of  the  Great  Plains  although  these  types  of  damage  are  found 
elsewhere  to  a lesser  degree.  The  largest  and  most  destructive  gullies 
are  found  in  the  loess  areas  of  the  central  prairies  and  the  Great  Plains 
where  they  are  occasionally  80  feet  deep  and  200  to  300  feet  wide. 
This  type  is  spectacular.  It  often  has  nearly  vertical  sides  and  head 
and  is  a major  source  of  silt.  Gullies  ranging  from  25  to  70  feet  deep 
occur  occasionally.  Those  ranging  in  depth  from  10  to  25  feet  are 
common.  Serious  damage  to  land  and  irrigation  works  occurs  in 
many  irrigated  valleys  in  the  western  parts  of  the  basin.  Flash  run- 
off from  steep,  rough,  thin-soiled  watersheds  rushes  across  the  irri- 
gated valley  land,  cutting  deep  gullies  and  often  spreading  large 
amounts  of  sand  and  gravel  over  the  cropland. 

In  fertile  overwash,  damage  depends  on  its  depth  and  the  type  of 
material.  Thin  layers  of  infertile  deposits — even  at  frequent  inter- 
vals— may  cause  only  slight  damage  to  the  soil  as  tillage  tends  to  mix 
in  the  deposits  thoroughly.  However,  a thick  deposit,  approaching 
or  exceeding  plow  depth,  can  cause  high  damages.  Sandy  or  gravelly 
materials  cause  the  greatest  damage,  and  thick  deposits  of  either  can 
render  the  original  soil  unfit  for  cultivation.  Silts  and  clays  from  less 
fertile  upland  subsoils  decrease  the  productivity  of  the  bottomlands 
by  changing  their  structure  and  fertility.  The  highest  rate  of  damage 
from  infertile  overwash  occurs  in  the  eastern  part  of  the  Great  Plains, 
the  western  part  of  the  Ozark  Highlands,  and  the  central  prairies. 

Swamping,  the  impairment  of  surface  and  internal  drainage  in 
bottomlands,  is  caused  by  sediment  deposited  in  channels  and  on 
flood  plains.  Large  quantities  deposited  in  channels  build  up  the  bed 
and  raise  the  water  table.  Sand  and  sandy  material,  deposited  adja- 
cent to  the  streams ; form  natural  levees  which  obstruct  surface  drain- 
age from  lower  flood-plain  land.  Clay  and  fine  silt,  deposited  on 
coarser  textured  bottomland  soils,  impair  internal  drainage.  The 
last  two  processes  are  the  principal  causes  of  swamping  damage  in 
the  basin.  This  damage  was  found,  to  an  appreciable  extent,  only 
in  the  central  prairies  where  flood-plain  lands  are  more  intensively 
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used  and,  consequently,  more  valuable,  and  the  rate  of  deposit  is 
greater.  The  rate  of  swamping  damage  is  not  consistently  high  in 
any  particular  stream  class. 

Approximately  1,140  reservoirs  in  the  watershed,  with  a capacity 
of  9,500,000  acre-feet  of  water  for  power,  irrigation,  flood  control, 
recreation,  domestic  water  supply,  and  other  uses,  were  considered  in 
the  evaluation  of  sediment  damage.  These  storage  reservoirs  are 
worth  today  about  $842,500,000.  This  value  is  steadily  decreasing 
as  a result  of  sediment  which  is  reducing  the  capacity  for  storing  water 
for  beneficial  uses.  Services  dependent  upon  stored  water  and  vital 
to  the  economy  of  the  watershed  are  being  threatened.  Many  reser- 
voirs, not  included  in  those  evaluated,  have  been  greatly  impaired. 

The  Federal  Government  and  State  and  local  authorities  have 
authorized  the  construction  of  119  reservoirs  in  the  Missouri  Basin 
with  storage  capacities  allocated  for  flood  control,  irrigation,  power, 
navigation,  water  supply,  sedimentation  reserve,  and  other  allied 
purposes.  These  capacities  amount  to  121,580,000  acre-feet.  The 
estimated  cost  of  these  reservoirs  in  terms  of  1947  prices  is  approxi- 
mately $1,810,200,000. 

The  present  and  potential  damage  to  existing,  authorized,  and  par- 
tially completed  reservoirs  is  estimated  at  1947  construction  costs, 
on  equally  favorable  sites.  This  evaluation  is  not  a true  reflection 
of  the  damage  to  the  economy  of  the  Missouri  Basin.  Sites  for  reser- 
voir development  are  irreplacable.  As  reservoirs  fill  with  sediment, 
replacement  storage  becomes  increasingly  more  expensive.  Eventu- 
ally all  reservoir  sites  will  be  utilized  or  storage  capacity  will  have  to 
be  maintained  by  removing  sediment  at  an  excessive  cost. 

The  cost  of  removing  sediment  from  raw  water  is  a significant 
factor  in  the  total  water  treatment  cost  and  increases  with  higher 
sediment  concentration.  Fifty  municipalities  in  the  watershed  treat 
water  diverted  from  streams.  The  total  population  served  by  these 
streams  is  approximately  383,000.  These  figures  do  not  include 
municipalities  diverting  water  from  the  main  stem  of  the  Missouri 
River  below  Fort  Peck  or  below  the  sites  of  large  existing  or  author- 
ized reservoirs  on  other  streams. 

Sediment  deposited  in  road  and  railroad  ditches,  culverts,  and 
stream  channels  must  be  removed  for  road  and  railroad  protection. 
Deposits  on  roads  and  railroads  is  a serious  safety  hazard  and  often 
obstruct  traffic,  and  its  removal  is  necessary  for  continuous  and  safe 
operation. 

The  damage  to  irrigation  developments  is  most  commonly  caused 
by  sedimentation  of  canals,  flumes,  ditches,  reservoirs,  and  other 
parts  of  the  supply  and  distribution  systems.  Water  from  clear 
mountain  streams  and  from  reservoirs  with  high  trap  efficiencies  is 
reasonably  free  from  sediment  at  most  times  unless  it  is  carried  into 
the  system  from  the  adjoining  uplands.  The  majority  of  the  supply 
systems,  however,  carry  heavy  sediment  loads  from  waterways  drain- 
ing the  slopes  and  uplands  above  them.  Heavy  deposits  in  canals 
and  ditches  reduce  their  water-carrying  capacity.  A principal  part 
of  the  annual  maintenance  charges  on  most  supply  systems  is  for  clean- 
ing these  canals  and  ditches. 

Practically  all  the  sediment  damage  to  drainage  developments 
takes  place  in  drainage  ditches.  In  general,  material  transported 
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from  sheet  erosion  is  the  greatest  source  of  sediment  causing  this 
damage.  However,  valley  trenching,  deep  gullies,  and  stream-bank 
erosion  contribute  large  quantities  in  the  Missouri  River  bluff  portion 
of  the  central  prairies.  In  addition,  many  ditches  are  damaged  by 
materials  carried  by  the  wind.  Greatest  damage  is  along  the  Missouri 
River  flood  plain.  As  the  result  of  an  abrupt  change  in  stream  grade, 
large  volumes  of  sediment  are  dropped  where  the  small  tributaries 
cross  the  flood  plain  of  the  Missouri  River.  Damage  to  drainage 
ditches  is  usually  considered  to  be  the  cost  of  removing  the  sediment. 

In  addition  to  the  direct  floodwater  and  sediment  damage,  indirect 
damage  is  important  in  the  watershed.  The  more  evident  forms 
of  indirect  damage  are  interruptions  in  trade,  transportation  and 
manufacture,  costs  of  flood  relief,  cost  of  policing,  sanitation,  and 
restoration  of  public  works,  and  other  demands  on  public  funds  and 
services.  Less  apparent,  but  equally  important,  are  losses  from 
migration,  decadence,  stagnation,  and  impoverishment  in  rural  areas, 
villages,  and  sections  of  cities,  disruption  of  schools  and  other  public 
institutions,  and  general  dislocations  in  social  and  economic  relations; 

Besides  these  direct  and  indirect  damages,  other  important  items 
of  unevaluated  damage  must  be  taken  into  account.  Some  of  these 
are  loss  of  life,  loss  of  irreplaceable  reservoir  sites,  aggravated  illness 
and  epidemics,  and  other  after-effects  of  flood  disasters.  While  these 
unevaluated  damages  may  not  always  become  readily  apparent,  they 
do,  however,  manifest  themselves  in  their  impact  upon  the  political, 
social,  and  economic  life  of  the  community. 

Methods  of  estimating  damages 

Estimates  in  monetary  terms  were  made  of  the  average  annual 
floodwater,  sediment,  and  indirect  damages  occurring  in  the  Missouri 
River  Basin.  These  estimates  are  for  damages  that  occur  in  sub- 
watersheds generally  less  than  3,000  square  miles  in  area  and  for 
damages  to  existing  and  authorized  reservoirs.  No  damage  estimates 
are  included  for  the  parts  of  the  basin  that  are  or  will  be  protected 
from  damage  by  other  existing  or  proposed  projects. 

For  the  purpose  of  estimating  the  damages,  the  basin  was  divided 
into  4 major  physiographic  areas  and  then  further  subdivided  into  38 
relatively  homogeneous  physical  land  units  on  the  basis  of  similarity 
of  soils,  climate,  hydrologic  conditions,  and  other  related  features. 
Approximately  150  sample  watersheds  of  about  5 square  miles  in  size 
and  175  sample  stream  reaches  about  one-half  mile  in  length,  repre- 
senting various  stream-size  classes  up  to  250  square  miles  in  area,  were 
selected  at  random  and  studied  to  determine  the  average  annual  flood- 
water,  sediment,  and  indirect  damages  occurring  within  these  areas. 
In  addition,  special  sample  studies  were  made  to  determine  the  average 
annual  increased  cost  of  water  treatment  due  to  sediment  content  and 
the  average  annual  damages  occurring  to  irrigation  enterprises,  drain- 
age developments,  and  storage  reservoirs.  For  streams  draining  from 
250  to  3,000  square  miles,  annual  damage  figures  were  obtained  from 
available  data.  All  data  obtained  by  these  sampling  procedures  were 
expanded  to  physical  land  units.  The  sum  of  these  estimates  repre- 
sents the  total  average  annual  damage  for  the  basin. 
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Estimated  damages 

The  estimated  damages  are  set  out  in  table  22. 

Table  22. — Estimated  average  annual  monetary  damages,  Missouri  River  Basin  1 


Floodwater  damage: 

Agricultural  and  nonagricultural:  Thousand  dollars 

Farm 56,  817 

Nonfarm 19,  900 


Subtotal 76,  717 


Land: 

Stream-bank  erosion 2,  396 

Flood-plain  scour 4,  827 

Gully  erosion  and  valley  trenching 14,  039 


Subtotal 21,  262 


Sediment  damage: 

Infertile  overwash 7,  051 

Swamping 3,  286 

Existing  reservoirs 3,  159 

Authorized  or  partially  completed  reservoirs 2,  968 

Water  treatment 679 

Drainage 392 


Subtotal 17,  535 


Indirect  damage 32,  447 


Total  average  annual  damage 147,  961 


1 These  damages  were  evaluated  at  1947  prices,  which  were  current  at  the  time  of  the  survey.  In  esti- 
mating damages  to  land  by  floodwater  and  sediment,  the  present  values  of  future  income  losses  were  capital- 
ized at  2 percent. 

RECOMMENDATIONS 

The  measures  recommended  for  stabilizing  small  watercourses  have 
these  common  characteristics: 

(a)  Their  primary  purpose  is  to  stabilize  minor  waterways  and 
tributary  streams  and  to  provide  for  orderly  water  disposal  and 
sediment  control  as  an  essential  part  of  a complete  and  integrated 
program  of  run-off  and  waterflow  retardation  and  soil  erosion 
prevention.  These  stabilizing  measures  reduce  flood  and  sedi- 
ment damages,  maintain  the  land  resources,  and  protect  the 
multiple-purpose  water  resource  developments  of  the  Missouri 
River  Basin  against  rapid  impairment  by  sedimentation. 

( h ) Public  benefits  from  flood  and  sediment  control  are  domi- 
nant, although  these  measures  also  produce  substantial  private 
benefits  and  contribute  to  sound  land  use. 

(c)  They  frequently  involve  groups  of  landowners  and  operators 
with  common  interests  in  protecting  minor  watershed  units,  as 
well  as  local  agencies  of  government. 

(d)  They  justify  substantial  public  expenditures  in  technical 
and  other  assistance. 

Methods  of  estimating  measures  needed 

The  subwatershed  and  stream  reach  samples  that  are  described 
under  “Methods  of  estimating  damages”  were  also  used  to  determine 
the  quantity  and  type  of  measures  that  would  be  required  to  abate  the 
damages  found.  The  data  obtained  from  these  samples  relative  to  the 
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quantity  and  type  of  measures  needed  were  expanded  to  the  physical 
land  units.  Thus,  estimates  were  arrived  at  for  the  entire  basin. 
A range  in  the  quantities  of  measures  is  shown,  since  such  an  estimating 
process  cannot  be  expected  to  produce  exact  results. 

Recommended  measures 

The  recommended  measures  for  stabilizing  small  watercourses 
include  establishment  of — 

1.  Between  14,000  and  16,000  small  upstream  floodwater- 
retarding  structures.  These  measures,  by  providing  temporary 
storage,  will  reduce  flood  damages  caused  by  run-off  in  excess  of 
that  which  can  be  controlled  by  the  land-use  and  conservation 
practices  recommended  in  previous  parts  of  this  report.  They 
will  be  especially  effective  when  high-intensity  storms  cause  flash 
floods  during  times  that  the  beneficial  effects  of  vegetation  are  at 
a minimum.  It  is  estimated  that  4,800,000  acre-feet  of  storage 
will  be  provided. 

Retarding  measures  are  recommended  for  the  protection  of 
flood  plains  in  many  tributaries.  These  measures,  by  providing 
temporary  storage,  function  to  reduce  peak  discharges. 

The  most  adaptable  type  of  measure  is  a small  earth-fill  dam 
with  an  outlet  to  release  water  at  a fixed  and  safe  rate  and  a 
spillway  adapted  to  site  conditions.  Individual  reservoirs  are 
expected  to  provide  retarding  storage  ranging  from  200  to  15,000 
acre-feet. 

2.  Between  400  and  600  sediment-retention  structures,  includ- 
ing desilting  basins  and  debris  basins.  Desilting  basins  are  to 
be  developed  where  areas  of  high  sediment  output  are  a hazard  to 
major  storage  projects.  Debris  basins  are  to  be  developed  in 
mountain  and  foothill  streams  where  the  debris  problem  is 
serious. 

Desilting  measures  in  most  cases  will  consist  of  a small  earth- 
fill  dam,  a concrete  outlet  conduit  designed  to  trap  the  desired 
amount  of  sediment,  and  an  adequate  spillway.  In  other  cases, 
desilting  will  be  accomplished  by  diverting  sediment-laden  flows 
through  systems  of  regulating  dikes  on  gently  sloping  flood-plain 
areas. 

Debris  basins  will  involve  small  earth  and  rock-fill  dams,  outlet 
conduits,  and  spillways  adapted  to  local  conditions. 

3.  Between  4,500  and  5,500  miles  of  minor  floodways  to  direct 
damaging  flows  across  flood  plains  and  other  flat  areas  where 
existing  channel  capacity  is  not  adequate  to  discharge  these 
flows. 

These  small  floodways  will  consist  of  excavated  channels  and 
related  dikes  as  required. 

4.  Between  10,000  and  12,000  miles  of  small-stream  channel 
improvement  by  stabilizing  banks,  removing  obstructions,  and 
installing  other  protective  measures. 

Channel  improvement  is  required  to  some  degree  in  practically 
all  parts  of  the  watershed.  Continued  widespread  misuse  of  land 
over  many  years  has  seriously  upset  natural  stream  courses,  re- 
sulting in  heavy  sediment,  debris  movements,  and  damage 
to  stream  banks  and  channels  that,  in  many  cases,  cannot  be 
rectified  by  land-use  and  conservation  practices.  The  principal 
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objective  is  the  stabilization  of  stream  channels  with  drainage 
areas  of  250  square  miles  or  less.  These  measures  include  vegeta- 
tion and  small  structures  adaptable  to  the  conditions  encountered. 

5.  Between  750,000  and  850,000  stabilizing  and  sediment-con- 
trol measures  for  the  control  of  head-cutting  gullies  and  the 
stabilization  of  gradients  in  upstream  channels. 

Measures  for  the  control  of  overfalls,  head-cutting  gullies, 
and  gradients  in  upstream  channels  are  required  in  varying  degrees 
in  all  parts  of  the  basin.  The  objective  is  the  stabilization 
of  subwatershed  drainageways,  including  road  ditches  and  other 
artificial  channels.  These  measures  are  drop  inlets,  chutes,  cul- 
verts, and  weir  drops.  Temporary  construction  will  be  used 
where  vegetation,  when  fully  established,  is  capable  of  maintain- 
ing control. 

6.  Between  180,000  and  200,000  miles  of  sub  watershed  water- 
way improvement  to  stabilize  and  protect  natural  and  artificial 
channels. 

These  measures  include  the  establishment  and  maintenance  of 
grasses  in  the  upland  drainageways  and  artificial  channels. 

The  waterways  to  be  improved  are  those  required  to  dispose 
of  run-off  in  an  orderly  manner  from  small  groups  of  farms. 

The  work  consists  of  excavating,  shaping,  preparing,  and  seed- 
ing the  waterways.  Structures  needed  in  conjunction  with  the 
vegetative  control  are  included  with  stabilizing  and  sediment- 
control  structures. 

7.  Between  60,000  and  70,000  miles  of  small  diversion  ditches 
and  dikes  to  divert  and  retard  run-off  water  in  order  to  protect 
flood-plain  developments,  eroded  areas,  and  terraced  lands. 

Diversion  ditches  and  dikes  are  recommended  for  installation 
within  most  physical  land  units.  These  measures  will  be  used  to 
route  run-off  water  to  selected  points,  to  protect  severely  eroded 
areas,  and  to  divert  or  retard  run-off  from  severely  damaged 
areas. 

Estimated  costs 

The  estimated  costs  of  installing  the  recommended  measures  are 
summarized  in  table  23. 

The  estimated  distribution  of  costs  shown  in  table  23  is  based  on 
the  Federal  Government  bearing — 

1.  The  cost  of  the  measures  on  Federal  land. 

2.  Approximately  90  percent  of  the  total  cost  of  upstream 
floodwater-retarding  installations  and  sediment  retention  works 
on  non-Federal  land. 

3.  Approximately  65  percent  of  the  total  cost  of  floodways  on 
non-Federal  land. 

4.  Approximately  70  percent  of  the  total  cost  of  channel  im- 
provements on  non-Federal  land. 

5.  Approximately  50  percent  of  the  total  cost  of  stabilizing 
and  sediment-control  installations  on  non-Federal  land. 

6.  Approximately  40  percent  of  the  total  cost  of  subwatershed 
waterway  improvements  on  non-Federal  land. 

7.  Approximately  45  percent  of  the  total  cost  of  diversion 
ditches  and  dikes  on  non-Federal  land. 
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Table  23.- — Estimated  costs  of  installing  measures  for  stabilizing  small  water- 
courses (194.7  prices) 


[Thousands  of  dollars] 


Item 

Approx- 

imate 

number 

Federal 

cost 

Non-Federal  cost 

Total  cost 

Public  1 

Private 

Upstream  fioodwater  retarding.. number.. 

Sediment  retention ...  do  .. 

Floodways. miles. 

Channel  improvement.  ... do... 

Stabilizing  and  sediment  control  .number.. 
Subwatershed  waterway  improvement 

miles.. 

Diversion  ditches  and  dikes do 

Total 

15. 000 
500 

5,000 

11.000 

750. 000 

190.000 
65,000 

337, 000 

58. 600 
8,800 

31.600 
499, 100 

53. 600 
16,  700 

21,000 
4,300 
2, 100 
5,600 
278,  700 

31,900 
6, 900 

1,000 

200 

2.400 

8.400 
190,900 

43,  500 
13,700 

359.000 
63, 100 

13. 300 
45, 600 

968, 700 

129. 000 

37.300 

1,005, 400 

2 350,  500 

260, 100 

1,616,000 

1 State  and  local  governments  and  their  departments  and  agencies. 

2 Includes  $15,396,000  for  installations  on  lands  owned  or  administered  by  State  and  local  governments. 
Since  a large  proportion  of  benefits  from  measures  primarily  for  reduction  of  fioodwater  and  sediment  damage 
will  accrue  offsite,  it  is  contemplated  that  the  non-Federal  cost  will  be  met  by  a combination  of  the  resources 
available  to  the  governments  of  the  States,  counties,  and  other  benefited  local  governments,  depending  upon 
circumstances  surrounding  the  respective  measures. 

The  recommended  measures  installed  on  lands  under  the  jurisdiction 
of  the  Federal  Government  are  to  be  operated  and  maintained  by  the 
Federal  Government.  The  recommended  measures  installed  on 
lands  not  under  the  jurisdiction  of  the  Federal  Government  are  to  be 
operated  and  maintained  by  State  or  local  agencies  under  arrange- 
ments acceptable  to  the  Secretary  of  Agriculture,  and  installation  in 
any  area  will  not  be  commenced  until  such  arrangements  have  been 
made.  The  boundaries  of  any  such  area  shall  be  determined  by  the 
Secretary. 

INSTALLATION  BY  STAGES 

The  recommended  program  of  measures  for  stabilizing  small  water- 
courses is  needed  throughout  the  Missouri  Fiver  Basin.  This  program 
is  of  such  magnitude  that  it  will  require  about  30  years  to  complete. 
Although  the  recommended  program  of  stabilizing  measures  is  based 
upon  a survey  of  the  entire  basin,  it  is  proposed  that  only  the  funds 
needed  to  carry  out  the  initial  stage  of  the  program  described  in  this 
chapter  be  authorized  for  appropriation  at  this  time.  Such  an 
authorization  will  permit  the  development  of  more  detailed  plans  of 
work  and  will  enable  the  work  to  proceed  systematically  from  highly 
critical  flood-  and  silt-source  areas  to  less  critical  areas. 

The  first  stage  of  the  program  recommended  in  this  chapter  will 
be  carried  out  in  areas  of  highest  priorities.  These  areas  will  in 
general  include  those  where  flood  and  associated  damages  are  greatest 
and  where  the  combination  of  interrelated  land-use  and  conservation 
practices  and  measures  for  stabilizing  small  watercourses  will  produce 
the  greatest  benefits.  The  determination  of  the  critical  cropland 
areas  will  be  worked  out,  where  appropriate,  in  cooperation  with  the 
States  and  local  public  agencies.  In  the  forested  areas,  early  work 
will  be  directed  primarily  to  the  national  forests.  These  public  lands 
in  the  higher  parts  of  the  Rocky  Mountains  at  the  headwaters  of  the 
Platte,  upper  Missouri,  and  Yellowstone  Rivers  in  Colorado,  Wyoming, 
and  Montana  particularly  contain  many  critical  areas  needing  im- 
mediate attention. 
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The  program  of  stabilizing  measures  will  be  extended  to  other  por- 
tions of  the  basin  from  time  to  time,  depending  upon  progress  made 
in  installing  the  program,  the  critical  nature  of  the  problem,  and  the 
recommendations  made  by  the  interested  local  people  to  the  United 
States  Department  of  Agriculture.  It  is  contemplated  that  supple- 
mental requests  for  authorization  will  be  submitted  from  time  to  time 
covering  successive  stages  of  the  program. 

The  recommended  first  stage  of  the  program  of  measures  for  stabiliz- 
ing small  watercourses  is  economically  sound.  Among  the  benefits 
to  be  expected  are  reduction  in  flood  and  sediment  damage,  decreased 
erosion,  increased  ground-water  supplies,  decreased  costs  of  water 
treatment,  increased  land  productivity,  decreased  swamping,  and  other 
similar  benefits.  When  the  recommended  program  of  stabilizing 
measures  is  properly  integrated  with  the  interrelated  land-use  and 
conservation  practices,  even  greater  benefits  will  be  obtained. 

It  is  recommended  that  the  sum  of  $100,000,000  be  authorized  for 
appropriation  for  carrying  out  the  initial  stage  of  the  recommended 
program  of  measures  for  stabilizing  small  watercourses.  Further 
information  as  required  will  be  supplied  at  the  time  appropriations  are 
requested  under  this  authorization. 

A Program  in  Aid  of  Irrigation 

Irrigation  is  essential  to  the  fullest  use  of  the  lands  of  the  Missouri 
Basin,  and  new  irrigation  must  be  integrated  into  the  agricultural 
economy  of  the  entire  basin.  The  most  efficient  and  productive  use 
of  soil  and  water  resources  in  existing  irrigated  areas  and  the  integra- 
tion of  future  irrigation  developments  into  the  existing  agricultural 
economy  are  part  of  the  program  of  service  and  assistance  recom- 
mended in  this  report.  This  program  will  accelerate  the  wise  and 
orderly  use  of  land  resources  to  keep  pace  with  the  development  of  the 
water  resource. 

In  the  basin,  irrigable  land  in  existing  irrigation  projects  totals  more 
than  6.5  million  acres,  but  not  more  than  5 million  acres  are  irrigated 
in  any  one  year.  The  Pick-Sloan  plan  provides  for  the  delivery  of 
supplemental  water  to  a number  of  presently  irrigated  areas.  This 
plan,  with  the  savings  that  can  be  effected  through  more  efficient  use 
of  the  water  now  available,  will  make  possible  the  regular  irrigation 
of  6.5  million  acres  in  existing  projects.  In  addition,  more  than  5 
million  acres  of  new  land  will  be  irrigated  from  water  sources  to  be 
developed  under  the  Pick-Sloan  plan.  An  additional  million  acres 
will  probably  be  irrigated  through  private  projects  from  ground-water 
sources  and  from  surface  water  in  small  tributaries.  Thus,  the  poten- 
tial areas  of  irrigated  land  in  the  basin  approach  12.5  million  acres. 
Even  this  total  acreage  may  eventually  be  increased  somewhat  by 
irrigation  in  the  more  humid  areas  in  the  lower  basin.  The  accom- 
panying map  indicates  the  major  areas  currently  irrigated  and  the 
new  areas  now  proposed  for  irrigation  by  the  Bureau  of  Reclamation 
(fig.  21). 

The  participation  of  the  Department  of  Agriculture  and  the  land- 
grant  colleges  and  universities  in  an  over-all  program  of  irrigation  in 
the  basin  can  be  treated  in  three  main  categories : 

1.  Providing  service  to  farmers  in  existing  irrigated  areas. 


FIGURE  21 


ni° 


SOIL  CONSERVATION  SERVICE,  APRIL  1949 

— ~ ' ”” ” ””  97546  0 - 49  (Face  p.  116) 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM  117 

2.  Furnishing  factual  information  necessary  to  the  planning 
and  operating  of  irrigation  programs  and  projects. 

3.  Providing  adequate  assistance  and  service  to  farmers  in 
developing  their  farms  for  irrigation  and  adjusting  to  a new  type 
of  farming  where  new  irrigation  is  established. 

ASSISTANCE  TO  FARMERS  IN  EXISTING  IRRIGATED  AREAS 

The  rehabilitation  and  improvement  of  irrigation  enterprises,  the 
improvement  of  individual  farm  irrigation  systems,  and  the  prepara- 
tion of  land  for  better  use  of  water  in  existing  irrigated  areas  offer  an 
immediate  and  economical  means  of  increasing  efficiency  in  the  use  of 
soil  and  water  resources.  Studies  of  irrigation  areas  reveal  that  an 
increase  of  one-third  in  production  can  often  be  accomplished  through 
the  adoption  of  better  methods. 

Water  for  4,450,000  acres  out  of  approximately  5,000,000  acres  of 
land  now  irrigated  in  the  basin  was  developed  through  private  and 
State  initiative.  The  remaining  550,000  acres  are  supplied  from  proj- 
ects of  the  Bureau  of  Reclamation. 

Irrigation  facilities  serving  groups  of  farms  have  been  examined  on 
a sample  basis,  and  none  has  been  found  entirely  free  from  problems 
or  conditions  which  need  to  be  solved  or  corrected. 

The  problems  of  existing  irrigation  systems  in  group  enterprises, 
other  than  those  constructed  by  the  Bureau  of  Reclamation,  embrace 
nearly  every  conceivable  engineering,  agronomic,  financial,  and 
management  difficulty. 

Those  of  an  engineering  nature  range  from  the  inadequacy  of 
storage  reservoirs  to  the  need  for  installation  of  measuring  devices 
on  individual  farms.  Between  these  extremes  are  problems  relating 
to  diversions,  headgates,  canal  relocation,  canal  lining,  and  structures 
such  as  siphons,  flumes,  drops,  checks,  and  crossings.  In  some 
instances  the  consolidation  of  two  or  more  separate  enterprises  is 
necessary  in  achieving  economical  use  of  water  and  land. 

Drainage  is  one  of  the  most  serious  problems  induced  by  the  appli- 
cation of  irrigation  water.  Large  amounts  of  water  are  lost  through 
inadequately  designed  and  maintained  canals  and  ditches.  Transit 
losses  reduce  the  amount  available  at  the  farm  and  at  the  same  time 
jeopardize  adjacent  lands  by  seepage.  Drainage  problems  also  result 
from  the  lack  of  knowledge  of  water  requirements  of  crops,  careless 
application,  poorly  designed  farm-irrigation  systems,  and  improper 
land  preparation.  The  general  practice  of  delaying  drainage  con- 
struction until  the  need  is  acute  has  ruined  some  lands.  A major 
part  of  the  5,000,000  acres  now  being  irrigated  is  in  need  of  appropriate 
provision  for  removal  of  excess  surface  or  subsurface  water. 

The  need  for  rehabilitating  these  systems  is  often  the  result  of 
improper  and  inadequate  maintenance.  Poor  maintenance  is  some- 
times the  result  of  lack  of  knowledge  on  the  part  of  the  operators  and 
sometime  the  lack  of  a suitable  organization.  Many  of  the  smaller 
organizations  cannot  afford  the  technical  personnel  necessary  to  main- 
tain their  systems.  Inadequate  financial  arrangements  often  result 
in  patch-up  maintenance  and  rehabilitation. 

(•  Failure  properly  to  maintain  irrigation  works  has  resulted  in  the 
need  for  major  rehabilitation  of  a large  portion  of  the  existing  irrigation 
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enterprises  in  the  basin.  These  activities  will  require  large  invest- 
ments, and  satisfactory  credit  is  often  difficult  to  obtain  for  a number 
of  causes  including — 

(a)  The  enterprise  may  be  located  in  an  area  generally  con- 
sidered questionable  by  credit  agencies. 

(i b ) The  security  is  not  regarded  as  adequate  by  banks  and 
credit  institutions,  and  outstanding  mortgages  often  limit  credit 
advances. 

(c)  Limited  funds  prevent  Government  credit  agencies  from 
serving  all  needs. 

Although  the  advantages,  economies,  and  conservation  values  of 
the  proper  development  of  land  for  irrigation  have  been  repeatedly 
demonstrated,  a considerable  proportion  of  the  existing  irrigated 
lands  in  the  basin  require  some  improvement  in  this  respect.  Even 
where  lands  have  been  properly  prepared  for  irrigation,  technical 
assistance  in  the  application  of  water  for  most  efficient  use  is  needed. 

The  problems  encountered  in  existing  irrigated  areas  are  so  varied 
and  extensive  that  they  cannot  be  attacked  in  all  parts  of  the  basin 
at  the  same  time.  Priorities  will  be  established  for  areas  to  which 
first  attention  should  be  given.  In  general,  the  rehabilitation  and 
improvement  of  existing  facilities,  including  the  reorganization  and 
reconditioning  of  farm-irrigation  systems,  will  be  undertaken  first. 
This  program  will  be  expanded  to  all  irrigated  areas  in  the  basin  as 
rapidly  as  funds  and  facilities  will  permit. 

Summary  of  proposed  program  of  assistance  to  farmers  in  existing 
irrigated  areas 

The  program  of  assistance  to  existing  irrigation  enterprises  .—Under 
the  recommended  program  of  aid  to  existing  irrigation  enterprises 
the  Department  will — 

1.  Provide  assistance  in  planning  for  necessary  reorganization 
and  refinancing  of  existing  irrigation  enterprises. 

2.  Provide  assistance  to  irrigation  organizations  in  preparing 
plans  and  cost  estimates  for  the  repair  and  rehabilitation  of 
existing  irrigation  and  drainage  works. 

3.  Provide  assistance  to  irrigation  organizations  in  supervising 
construction  activites. 

4.  Provide,  under  the  supporting  credit  program  hereinafter 
set  out,  loans  for  financing  needed  improvements. 

The  program  of  assistance  to  individual  farmers  in  existing  irrigation 
areas. — Under  the  recommended  program  the  Department  will — 

1 . Provide  assistance  to  individuals  in  preparing  plans  and  cost 
estimates  for  the  repair  and  rehabilitation  of  existing  farm  irri- 
gation facilities. 

2.  Furnish  technical  assistance  and  direct  aids,  such  as  pay- 
ments, materials,  equipment,  and  services  to  individual  water 
users  to  aid  in  the  preparation  of  land  for  efficient  use  of  water, 
and  to  promote  desirable  land  use. 

3.  Provide,  under  the  supporting  credit  program  hereinafter 
set  out,  loans  for  financing  needed  improvements. 

General. — For  the  purpose  of  obtaining  the  most  efficient  use  of 
land  and  water  in  existing  irrigation  enterprises  by  the  activities  of 
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both  irrigation  organizations  and  individual  water  users  under  the 
recommended  program  the  Department  will — 

1.  Promote  the  proper  maintenance  of  irrigation  facilities  by 
providing  technical  advice  and  by  educational  methods. 

2.  Demonstrate  to  groups  and  to  individuals  more  efficient 
methods  of  water  application. 

3.  Bring  to  groups  and  individuals,  through  the  program  of 
extension  education  hereinafter  presented,  the  results  of  research 
on  irrigation  problems,  proper  land  use,  soil  and  water  conserva- 
tion, crop  rotations,  use  of  fertilizers,  and  similar  subjects. 

Costs. — The  cost  of  planning  and  establishing  the  irrigation  program 
on  the  6.5  million  acres  of  land  irrigable  with  existing  facilities  is 
presented  in  table  24. 

The  Federal  costs  shown  are  made  up  of  the  costs  of  technical 
assistance  and  direct  aid  as  heretofore  presented  in  connection  with 
the  previously  described  phases  of  the  recommended  over-all  program. 
The  amount  of  assistance  required  to  meet  local  conditions  and  needs 
will  vary  from  one  enterprise  to  another.  The  cost  estimates  are 
based  upon  average  needs. 


Table  24. — Costs  of  rehabilitating  existing  irrigated  areas 


Item 

Acres 

Federal  costs 

Private 

costs 

Total  costs 

Technical 
and  ad- 
ministrative 

Direct  aids 

Rehabilitation  of  irrigation  systems.  

Land  development  . 

Drainage  subsurface 

Drainage  surface 

Total 

Thousand 

2. 500 

6. 500 
925 

1, 475 

Thousand 
dollars 
3, 755 
28, 415 
3, 800 
555 

Thousand 
dollars 
5,080 
39, 680 
4,645 
595 

Thousand 
dollars 
21, 020 
163, 690 
19, 330 
2,510 

Thousand 
dollars 
29, 855 
231, 785 
27, 775 
3, 660 

36,  525 

50, 000 

206,  550 

293, 075 

The  term  “land  development,”  as  used  in  the  cost  estimates,  is  a 
general  designation  which  includes  all  the  various  types  of  work 
needed  on  farm  lands  to  secure  maximum  efficiency  in  the  use  of  soil 
and  water.  Some  of  the  acreage  in  existing  irrigation  enterprises 
requires  a minimum  amount  of  work,  while  other  lands  need  complete 
treatment.  The  estimated  total  costs  are  spread  over  the  entire  acre- 
age because  it  is  impossible  to  indicate  the  exact  acreage  needing  each 
type  of  work.  For  example,  an  estimated  45  percent  of  irrigated 
acreage  needs  some  land  leveling.  Other  percentages  need  surface 
or  subsurface  drainage.  Still  other  acreages  need  establishment  of 
specific  water-distribution  devices  such  as  border  diking.  Most  of 
the  total  acreage,  including  areas  where  much  of  the  physical  land 
treatment  has  been  done,  needs  continuing  technical  advice  on 
rotations,  irrigation  methods,  fertilizers,  and  cropping  practices. 

For  these  reasons,  the  land-development  program  is  shown  for  the 
total  acreage. 
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INVESTIGATION  AND  PLANNING  FOR  NEW  IRRIGATION 

In  view  of  the  possibilities  for  greatly  increasing  the  basin’s  irri- 
gated acreage  by  constructing  additional  irrigation  works,  it  is  pro- 
posed that  the  United  States  Department  of  Agriculture  intensify  and 
expand  its  program  of  investigation  and  planning  for  new  irrigation. 
This  is  necessary  to  find  the  lands  most  suitable  for  irrigation  and  to 
determine  the  probable  production  from  irrigation  farming.  This 
information  is  needed  in  evaluating  the  feasibility  and  timing  of  pro- 
posed new  developments  and  in  predicting  their  probable  effects  on 
the  existing  economy. 

Bringing  new  areas  under  irrigation  involves  a heavy  responsi- 
bility for  adequate  investigations  and  planning  prior  to  making  public 
and  private  investments.  Incomplete  investigations  and  inadequate 
planning  can  result  in  waste  of  investments,  resources,  and  human 
effort.  Many  complex  and  interrelated  physical  and  economic  factors 
must  be  properly  evaluated  in  making  decisions  of  project  feasibility. 
The  skills,  knowledge,  and  experiences  of  agricultural  agencies  is 
required  to  provide  the  necessary  facts  on  which  the  determination  of 
agricultural  feasibility  of  new  projects  can  be  made  and  to  provide  a 
guide  for  planning  and  developing  feasible  projects. 

It  is  proposed  that  the  United  States  Department  of  Agriculture,  in 
cooperation  with  the  land-grant  colleges  and  universities,  make  investi- 
gations and  studies  of  the  agricultural  aspects  of  contemplated  or 
proposed  irrigation  programs  or  projects  and  prepare  reports  on  the 
agricultural  feasibility  of  such  programs  or  projects.  These  investi- 
gations will  involve — 

1.  Making  necessary  soil  surveys  and  land  classifications  to 
determine  location  and  extent  of  irrigable  lands. 

2.  Determinations  of  the  value  of  water  to  prospective  water 
users  and  of  their  ability  to  repay  construction,  development, 
operation,  and  maintenance  costs. 

3.  Studies  of  how  irrigation  can  most  efficiently  fit  into  existing 
agriculture. 

4.  Estimates  of  needs  and  costs  in  preparing  land  for  irrigation. 
This  also  will  involve  recommendations  on  the  distribution  of  cost 
between  private  and  public  interests. 

5.  Estimates  of  needs  for  new  market  facilities  and  new  market 
outlets. 

6.  Local  application  of  research  information  and  experience  on 
adaptability  of  crops,  fertility  requirements,  and  the  like. 

7.  Recommendations  for  control,  distribution,  and  application 
of  irrigation  water. 

8.  Recommendations  for  salinity  control  and  effective  surface 
and  subsurface  drainage  based  on  research  and  field  experience. 

9.  Cooperation  with  other  agencies  in  the  interpretation  of 
underground-water  information  supplied  by  geological  and 
water-supply  investigations. 

10.  Cooperation  with  other  agencies  in  securing  topographic 
survey  data  in  areas  authorized  for  irrigation  so  that  the  data  will 
be  obtained  in  sufficient  detail  for  use  in  planning  land-develop- 
ment operations  for  individual  farms. 

Areas  in  which  the  development  of  irrigation  is  under  way  will 
receive  first  consideration.  Close  cooperation  with  all  the  Federal 
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and  State  agencies  will  be  maintained  so  that  essential  information  is 
available  when  it  is  required  by  individuals  and  agencies  concerned 
with  operations  programs.  In  areas  where  projects  are  contemplated 
or  proposed  by  the  Department  of  the  Interior,  all  investigations  will 
be  coordinated  with  the  investigations  of  that  agency. 

Reports  on  agricultural  feasibility  prepared  by  the  United  States 
Department  of  Agriculture  on  irrigation  projects  contemplated  or 
proposed  by  the  Department  of  the  Interior  will  be  transmitted  to  the 
Secretary  of  the  Interior  for  use  in  conjunction  with  engineering 
studies  in  determining  the  feasibility  of  such  projects.  Information 
useful  to  farmers  and  local  groups  concerned  with  new  irrigation 
possibilities  will  be  made  available  to  them. 

This  program  of  investigations  and  planning  for  new  irrigation  will 
cost  $5,000,000.  This  is  exclusive  of  the  cost  of  the  soil  surveys  and 
research  provided  for  subsequently. 

ASSISTANCE  TO  FARMERS  IN  DEVELOPING  NEW  IRRIGATION 

Under  the  recommended  program,  assistance  will  be  made  available 
to  farmers  in  delineating  irrigable  lands  and  in  subdividing  large  hold- 
ings into  farms  of  suitable  size.  Provision  will  be  made  to  assist  in- 
dividual landowners  in  preparing  lands  for  efficient  use  of  water.  In 
some  situations,  the  assistance  provided  by  this  program  will  include 
technical  guidance  in  planning  and  establishing  group  facilities  and 
developing  individual  water  supplies.  Such  facilities  may  include 
pumps  where  ground  water  is  available  at  elevations  which  permit 
economic  use  and  where  streams  offer  opportunities  for  supplemental 
irrigation  in  the  less  arid  regions.  On  lands  brought  under  irrigation 
for  the  first  time,  technical  assistance  will  be  provided  farm  operators 
in  establishing  practical  and  efficient  farm  distribution  systems  and  in 
establishing  good  irrigation  practices.  Such  a program  will  speed  the 
transition  from  dry-land  to  irrigation  farming  and  tend  to  prevent  the 
adoption  of  wasteful  soil-  and  water-management  practices  which  have 
become  commonplace  in  many  irrigated  areas. 

Bringing  6,000,000  acres  of  new  land  under  irrigation  in  the  Missouri 
Basin  will  require  conversion  in  land  use  from  dry-land  to  irrigation 
farming.  Technical  assistance  is  essential  in  planning  for  such  change 
in  operations.  Approximately  5,000,000  acres  will  be  included  in  the 
projects  of  the  Bureau  of  Reclamation.  It  is  anticipated  that  through 
private  enterprise  an  additional  million  acres  will  be  irrigated  in  small 
units  from  water  supplied  by  pumping  from  underground  or  surface 
sources  and  from  small  diversions  and  storages.  It  is  proposed  to 
make  available  to  farm  operators,  assistance  in  planning  complete 
farm  irrigation  systems,  land  leveling,  farm  supply  laterals,  drops, 
checks,  turn-outs,  crossing  structures,  annual  ditches,  and  surface  and 
subsurface  drains.  It  is  also  proposed  to  assist  farmers  in  determin- 
ing the  areas  suited  to  irrigation  and  provide  them  with  information 
on  soils  and  land  capabilities. 

Proposed  program  oj  work  on  Federal  reclamation  projects 

The  agricultural  program  recommended  for  areas  to  be  irrigated 
through  facilities  proposed  for  construction  under  the  Pick-Sloan  plan 
will  provide: 

1.  Soil  surveys  in  enough  detail  to  furnish  the  information 
necessary  for  the  classification  of  land  for  irrigation  or  other  uses. 
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(These  are  to  be  provided  under  the  program  of  soil  surveys  and 
land  classification  hereinafter  described.) 

2.  Assistance  in  subdividing  large  areas  into  farms  of  suitable 
size  and  in  integrating  the  use  of  irrigable  and  interspersed 
nonirrigable  acreages. 

3.  Technical  assistance  and  direct  aids  including  payments, 
material,  equipment,  and  services  to  help  farmers  prepare  land 
for  irrigation  and  to  establish  efficient  farming  and  conservation 
practices. 

4.  Credit  for  the  purchase,  improvement,  and  annual  operations 
of  farms.  (Provided  under  the  supporting  credit  program 
hereinafter  set  out.) 

5.  Advice  and  assistance  in  planning  necessary  community 
facilities  such  as  roads,  market  outlets,  and  electrification. 

6.  Through  the  program  of  extension  education  hereinafter 
set  out,  information  on  technological  improvements  and  demon- 
strations, tours,  and  other  means  of  bringing  results  of  research 
and  experience  to  farmers. 

The  first  step  in  the  development  of  a new  irrigation  project  where 
farmers  already  are  on  the  land  is  an  intensive  educational  program 
to  enable  them  to  make  necessary  changes  from  dry-land  operation 
to  irrigation  agriculture  as  economically  and  effectively  as  possible. 
This  program  should  begin  sufficiently  ahead  of  the  actual  construction 
to  assure  necessary  conversions  as  soon  as  possible  after  water  is 
available. 

Technical  assistance  in  irrigation  planning  will  be  provided  while 
construction  is  under  way  so  that  the  work  load  will  not  develop 
suddenly  upon  the  first  delivery'  of  water.  This  assistance  will  be  on 
an  individual  farm  basis  and  in  sufficient  detail  to  enable  farmers 
to  irrigate  successfully  the  first  season  that  irrigation  water  is  delivered 
to  the  land.  Insofar  as  possible,  land  leveling,  installation  of  control 
structures,  construction  of  farm-supply  laterals,  and  drainage  should 
be  completed  during  the  predelivery  period,  and  sufficient  technical 
and  financial  assistance  should  be  provided  to  assure  their  accomplish- 
ment. Complete  conversion  should  be  attained  as  rapidly  as  possible 
to  enable  farmers  to  meet  the  costs  of  irrigation  developments  with 
the  high  crop  returns  from  irrigation. 

Information  regarding  crop-irrigation  requirements  and  methods 
of  efficiently  distributing  water  will  be  made  available  to  farmers  on 
an  individual  basis  and  continually  repeated  in  a general  educational 
program. 

To  accelerate  development  and  to  provide  needed  financial  assistance 
to  carry  out  the  farm  plan,  direct  aids  for  approved  practices  and 
necessary  credit  will  be  available  to  farmers  to  assist  them  in  convert- 
ing to  irrigated  production. 

Costs. — Estimates  of  costs  of  preparing  land  for  irrigation  and 
providing  the  assistance  described  above  on  the  5,000,000  acres 
of  irrigable  land  in  authorized  and  proposed  Federal  projects  are 
included  in  table  25.  These  estimates  do  not  include  the  costs  of 
the  irrigation  systems  to  be  constructed  by  the  Bureau  of  Reclamation. 
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Proposed  program  of  work  in  connection  with  development  of  new  irri- 
gation by  private  enterprises 

The  Department  of  Agriculture  has  a broader  responsibility  in  the 
development  of  irrigation  on  the  estimated  million  acres  to  be  irri- 
gated by  private  enterprise  than  on  lands  to  be  irrigated  by  projects 
constructed  by  the  Bureau  of  Reclamation. 

The  individuals  and  groups  of  water  users  proposing  to  construct 
private  irrigation  works  will  need  specialized  help  in  planning  and 
construction  in  addition  to  the  on-farm  assistance  in  preparing  land 
for  the  most  efficient  use  of  irrigation  water.  Planning  will  require 
competent  advice  and  assistance  in  respect  to  the  availability  and 
dependability  of  water  supplies,  the  capability  of  the  land  to  respond 
satisfactorily  under  irrigation,  and  the  estimated  cost  of  installation 
and  maintenance  of  proposed  irrigation  facilities.  These  installations 
will  require  supervisory  technical  assistance  and,  in  many  instances, 
credit  from  public  sources.  Involved  in  bringing  such  land  under 
irrigation  will  be  the  accompanying  problems  of  land  development, 
desirable  methods  of  water  application,  farm  organization  or  reor- 
ganization, and  marketing  needs,  all  of  which  will  require  advice  and 
assistance  to  achieve  desired  results  with  the  least  loss  in  time  and 
income. 


Table  25. — Costs  of  agricultural  phases  of  new  irrigation  development 


Item 

Acres 

Federal  cost 

Private 

costs 

Total  costs 

Technical 
and  admin- 
istrative 

Direct  aids 

Irrigation  development  private  projects 

Land  development 

Drainage,  subsurface 

Drainage,  surface 

Total 

Thousand 
1, 000 
6, 000 
550 
2,500 

Thousand 
dollars 
435 
31, 410 
2,  000 
940 

Thousand 
dollars 
6,  510 
65, 125 
2,  280 
1, 085 

Thousand 
dollars 
23,  575 
243,  255 
8,765 
4, 170 

Thousand 
dollars 
30, 520 
339,  790 
13, 045 
6,195 

34,  785 

75,000 

279,  765 

389, 550 

The  estimated  construction  costs  and  recommended  public  partic- 
ipation with  water  users  on  the  million  acres  to  be  served  by  private 
irrigation  enterprises  is  itemized  separately  in  table  25.  On-farm 
land-development  needs  are  the  same  whether  the  land  is  to  be  irri- 
gated by  private  enterprise  or  by  projects  constructed  by  the  Federal 
Government;  and,  therefore,  no  separation  is  made  in  the  estimate 
for  land  development  on  the  6,000,000  acres  in  the  basin. 

SUMMARY  OF  COSTS  OF  THE  PROGRAM  IN  AID  OF  IRRIGATION 

Table  26  shows  a summary  of  costs  of  this  proposed  program  of 
assistance  and  service  to  farmers  in  existing  irrigated  areas;  investi- 
gations and  planning  for  new  irrigation;  and  assistance  and  service 
to  farmers  in  developing  new  irrigation  in  the  Missouri  Basin. 
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Table  26. — Summary  of  costs  of  the  program  in  aid  of  irrigation 


[In  thousands  of  dollars] 


Item 

Federal  cost 

Private  cost 1 

Total  i 

Technical 
and  adminis- 
trative 

Direct  aid 

Existing  irrigated  areas-. 

36, 525 
34,  785 
5,000 

50. 000 

75. 000 

206,  550 
279,  765 

293, 075 
389,  550 
5,  000 

New  irrigation _ ..  . 

Preliminary  investigation  and  planning 

Total 

76, 310 

125, 000 

486, 315 

687,  625 

i Estimates  of  private  and  total  cost  do  not  include  the  farmers’  cost  for  farm  buildings,  fences,  domestic 
water,  and  running  expenses  essential  to  operating  a farm  business. 


A Program  to  Improve  Drainage  on  Agricultural  Lands 

The  improvement  of  drainage  on  agricultural  lands  is  an  integral 
part  of  a program  for  the  full  and  efficient  development,  utilization, 
and  conservation  of  the  lands  of  the  Missouri  River  Basin.  Drainage 
promotes  more  efficient  use  of  available  land  resources  and  permits  a 
shift  of  crop  production  from  highly  erodible  and  less  productive  lands 
to  those  better  adapted  to  continued  intensive  use. 

Exclusive  of  irrigated  land  requiring  drainage,  there  are  approxi- 
mately 5,834,000  acres  of  land  in  the  Missouri  Basin  that  require 
some  degree  of  drainage  to  insure  full  and  efficient  production  (table 
27).  Most  of  this  land  has  already  been  drained.  But  approximately 
one-half  of  the  drainage  systems  now  installed  to  serve  the  wet  lands 
of  the  basin  are  not  entirely  satisfactory  and  require  some  degree  of 
rehabilitation.  The  lands  on  which  drainage  should  be  improved  are, 
for  the  most  part,  located  adjacent  to  the  main  stream  channels 
traversing  the  eastern  part  of  South  Dakota,  Nebraska,  and  Kansas, 
and  the  western  portions  of  Minnesota,  Iowa,  and  Missouri.  They 
include  poorly  drained  farm  lands  which  are  currently  in  cultivation 
or  have  been  cultivated  at  one  time  or  another,  and  a relatively  small 
acreage  of  wet  land  that  has  never  been  put  to  any  intensive  agricul- 
tural use. 

Approximately  1,448,000  of  the  5,834,000  acres  mentioned  above  lie 
behind  levees  being  constructed  by  the  Corps  of  Engineers  along  the 
main  stem  of  the  river  between  Sioux  City,  Iowa  and  its  mouth.  It 
is  essential  that  plans  for  proper  drainage  be  made,  before  the  levee 
systems  are  constructed  to  insure  that  the  fertile  lands  behind  the 
levees  can  continue  to  be  used  for  crop  production. 

The  most  beneficial  use  of  certain  areas  of  wet  land  is  for  the  preser- 
vation and  enhancement  of  the  wildlife  resource  and  for  recreation. 
It  is  not  intended  to  drain  such  areas  under  the  recommended  program. 
It  is  proposed  to  delineate  these  areas  during  the  early  stages  of  the 
program  in  cooperation  with  the  Fish  and  Wildlife  Service  and  the 
State  agencies  concerned. 

Under  the  recommended  program  it  is  proposed  to — 

1.  Provide  assistance  to  drainage  districts,  soil  conservation 
districts,  or  other  organized  groups  in  planning  for  necessary 
reorganization  and  refinancing  of  existing  drainage  enterprises. 

2.  Provide  assistance  to  drainage  districts,  soil  conservation 
districts,  or  other  organized  groups  in  preparing  plans  and  cost 
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estimates  for  the  repair  or  rehabilitation  of  existing  drainage 
systems. 

3.  Provide  assistance  to  drainage  districts,  soil  conservation 
districts,  or  other  organized  groups  in  supervising  construction 
activities. 

4.  Provide  technical  and  educational  assistance  to  individual 
farmers  to  aid  them  in  the  solution  of  their  drainage  problems. 

5.  Furnish  direct  aids  such  as  payments,  materials,  and  services 
to  drainage  districts,  soil  conservation  districts,  or  other  organized 
drainage  groups  and  to  individual  farmers  to  further  the  reorgani- 
zation, rehabilitation,  or  development  of  drainage  works  and  the 
improvement  of  lands  for  agricultural  use  by  drainage. 

The  estimated  cost  to  the  land  owner  of  rehabilitating  existing  group 
enterprises  and  constructing  new  drainage  systems  to  insure  that  all 
of  the  drained  lands  are  placed  in  a high  state  of  productivity  are 
shown  in  table  28.  This  table  also  shows  the  estimated  cost  to  the 
Federal  Government  of  providing  the  necessary  technical  services  to 
insure  that  the  recommended  improvements  and  new  construction  are 
properly  planned,  designed,  and  constructed. 

Direct  aids  necessary  to  expedite  the  application  of  the  program  by 
sharing  the  costs  of  installation  on  the  land  are  estimated  in  table  28. 

Assistance  to  drainage  enterprises  and  individuals  will  be  condi- 
tioned on  adoption  of  satisfactory  plans  for  adequate  maintenance  of 
the  drainage  improvements. 


Table  27 .—Estimated  acreage  of  lands  that  require  some  degree  of  drainage  1 


State 

Land  drained 
or  suitable  for 
drainage  back 
of  the  proposed 
levee  system 

Land  drained 
or  suitable  for 
drainage  lying 
above  the  Mis- 
souri River 
levee  system 

Total  land 
drained  or 
suitable  for 
drainage 

Missouri --  - 

Acres 

613. 000 

620. 000 

Acres 

948. 000 
1,  520, 000 

796. 000 

759.000 

327. 000 
36, 000 

Acres 

1. 561.000 

2. 140. 000 

796.000 

949. 000 

352. 000 
36, 000 

Iowa  - --  --  

South  Dakota  - 

Nebraska - 

190, 000 
25,000 

Kansas . . . 

Minnesota..  - - - 

Total  - ------- 

1,  448, 000 

4, 386, 000 

5, 834, 000 

i Does  not  include  land  in  existing  or  proposed  irrigation  projects. 


Table  28. — Estimated  cost  of  rehabilitating  existing  drainage  enterprises , constructing 
new  systems,  and  assisting  in  farm  drainage 


[In  thousands  of  dollars] 


Type  of  work 

Federal 

Private 

Total 

Adminis- 
trative and 
technical 

Direct  aids 

Total 

Federal 

costs 

Drainage  enterprises:  Rehabilitation  and 
new  construction  

5, 076 
4,448 

5,875 
16, 543 

10, 951 
20, 991 

27, 963 
43, 652 

38,914 
64, 643 

Farm  drainage:  Rehabilitation  and  new 
construction  . ..  

Total  ..  . 

9,  524 

22, 418 

31, 942 

71,615 

103, 557 

97546 — 49 9 
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Program  of  Soil  Surveys  and  Land  Classification 

Soil  surveys  will  be  made  through  the  close  cooperation  of  the  United 
States  Department  of  Agriculture,  the  land-grant  colleges  of  nine 
States,  and  the  conservation  and  survey  division  of  the  University 
of  Nebraska.  The  Department  and  the  respective  State  agencies  will 
support  the  work  with  funds  appropriated  by  Federal  and  State 
Governments  and  will  jointly  approve  publication.  The  surveys  will 
provide  the  soils  information  necessary  to  the  classification  of  land, 
for  different  purposes,  by  agencies  of  the  Department  of  the  Interior, 
the  Department  of  Agriculture,  and  the  State  agencies  concerned,  all 
working  in  cooperation. 

THE  NEED  FOR  SOIL  INFORMATION 

To  develop  efficiently  the  land  and  water  resources  of  the  Missouri 
Basin  requires  accurate  knowledge  of  the  soils — their  characteristics, 
productivity,  and  location.  Such  knowledge  is  now  woefully  inade- 
quate. 

The  soils  of  the  basin  show  enormous  diversity.  Some  are  highly 
productive,  but  others  have  such  extremely  unfavorable  characteristics 
that  to  spend  money  for  their  intensive  development  would  be  fool- 
hardy. Some  will  respond  generously  to  irrigation,  but  others  are 
so  difficult  to  reclaim  or  give  so  little  reward  when  irrigated  that  at- 
tempts to  do  so  would  be  wasteful.  Some  require  specific  fertilizers 
for  good  crop  growth;  on  others  plants  show  no  response  from  these 
nutrients.  Some  soils  require  intensive  conservation  practices  to 
insure  continued  productivity;  others  need  only  good  rotations  and 
fertility  maintenance. 

A much  accelerated  program  of  soil  surveys  and  land  classification 
is  needed  to  guide  measures  for  land  and  water  development  and  to 
avoid  the  waste  of  trial  and  error  in  applying  measures  to  soils  whose 
characteristics  are  not  thoroughly  understood. 

In  land  treatment.- — The  land  treatment  program  proposed  for  the 
basin  contemplates  applying  a variety  of  production  and  conservation 
practices  to  farm,  range,  and  forest  lands  according  to  their  needs. 
The  need  for  particular  practices  depends  to  a large  measure  on  the  soil 
and  its  characteristics,  including  its  slope  or  surface  relief.  Practices 
needed  on  one  farm,  field,  or  forest  site  may  be  quite  different  from 
those  required  by  another.  Soil  information  is  essential  in  choosing 
measures  to  apply  to  particular  situations. 

In  flood  and  sediment  reduction. — The  land-treatment  program,  by 
reducing  run-off,  will  reduce  flood  and  sediment  damage.  Structures 
and  other  complementary  measures  designed  primarily  for  flood  and 
sediment  reduction  will  be  designed  and  located  to  take  account  of 
soil  characteristics  which  influence  their  effectiveness.  Here,  too, 
soil  information  is  needed. 

In  irrigation. — Some  soils  in  the  basin  are  well  suited  to  irrigation, 
and  some  are  not;  hence,  adequate  soil  information  is  imperative  to 
select  lands  to  be  irrigated  so  that  the  limited  water  will  be  used  to 
best  advantage.  Failure  to  do  so  may  result  not  only  in  waste  of 
public  funds,  but  also  in  the  waste  of  the  lives  and  energies  of  people 
if  they  build  their  homes  and  irrigation  farms  on  land  unsuited  for 
irrigation. 
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Soil  information  is  needed  not  only  to  select  land  for  irrigation,  but 
also  to  determine  the  kind  of  crops  to  be  grown  under  irrigation,  the 
kind  of  tillage  practices,  the  character  of  fertility  measures,  the  need 
for  and  method  of  drainage,  the  method  of  salt  removal,  and  the 
method  of  irrigation.  Soil  surveys  will  be  designed  to  indicate  the 
suitability  of  the  soils  for  irrigation  and  to  provide  information  useful 
to  farmers  in  choosing  crops  and  production  practices  that  fit  the  soil 
once  the  irrigation  is  provided. 

In  drainage. — The  drainage  program  proposed  for  the  basin  is 
designed  to  help  provide  adequate  drainage  of  wet  lands  not  irrigated. 
Not  all  wet  land,  however,  can  be  economically  drained.  The 
feasibility  of  drainage  is  determined  by  the  costs  as  well  as  by  the 
increased  production  resulting  from  drainage.  This  depends  to  a 
large  measure  upon  the  soil.  Soil  considerations  help  determine 
whether  or  not  it  is  wise  to  drain  and  they  largely  govern  the  type, 
depth,  and  spacing  of  drains  to  be  used.  In  addition,  soils  influence 
the  crops,  cropping  systems,  and  tillage  methods  to  be  chosen  on  lands 
that  are  drained.  Therefore,  the  drainage  program  will  require  *oil 
information  for  its  successful  accomplishment. 

In  managing  mountain  lands. — The  productivity  and  character  of 
the  soil  greatly  influence  the  growth  of  trees,  shrubs,  and  grasses  on 
mountain  lands.  These  kinds  of  vegetation,  like  those  of  cultivated 
crops,  are  selective  in  their  moisture  and  nutrient  requirements. 

Contrary  to  common  belief,  many  mountainous  areas  have  deep 
and  fertile  soils.  There  are  also  shallow  and  stony  soils,  and  between 
these  extremes  are  all  gradations.  Soils  and  related  factors,  such  as 
types  of  slope  aad  drainage  patterns,  are  just  as  basic  for  good  manage- 
ment practices  on  wild  lands  as  they  are  for  cultivated  lands. 

In  management,  a determination  must  be  made  as  to  what  the  wild 
lands  can  produce  and  how  intensively  they  can  be  used  without  lower- 
ing the  productive  capacity.  On  some  lands  soils  are  sufficiently 
stable  to  be  capable  of  producing  timber  for  cutting,  grasses,  and  shrubs 
for  livestock  grazing,  or  a combination  of  land  uses,  and  continue  to 
perform  their  watershed  functions.  On  other  lands,  where  conditions 
may  not  be  so  favorable,  the  use  of  the  timber,  range,  and  other  forest 
resources  must  be  restricted  to  maintain  the  watershed  values. 
Frequently,  the  delicate  balance  among  interrelated  factors  is  not 
recognized  until  destructive  forces  are  in  action.  A comprehensive 
soil  investigation  can  furnish  additional  basic  data  necessary  to 
strengthen  and  improve  present  management  practices  on  these  wild 
lands  for  a greater  contribution  to  the  development  of  the  basin. 

Additional  public  service 

The  usefulness  of  soil  surveys  is  by  no  means  limited  to  the  essential 
service  they  will  provide  to  the  programs  of  land  treatment,  flood 
and  sediment  reduction,  irrigation,  and  drainage.  In  the  years  ahead 
good  soil  surveys  will  help  many  thousands  of  individuals  and  public 
officials  make  better  decisions  in  the  solution  of  their  problems. 

Use  in  farming. — Aside  from  technical  help  from  public  agencies 
in  the  solution  of  production  and  conservation  problems,  farmers  are 
constantly  making  their  own  individual  decisions  as  to  crops  to  be 
grown,  rotations  to  be  used,  amounts  and  kinds  of  fertilizer  to  be 
applied,  and  tillage  practices  to  be  followed.  Published  soil  maps 
showing  the  kinds  and  characteristics  of  soils  on  their  farms  enable 
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farmers  to  use  the  continually  increasing  body  of  information  obtained 
through  farmer  experience  and  through  experiment  on  known  kinds 
of  soils — known  because  their  characteristics  have  been  studied,  their 
classification  and  location  determined,  and  all  permanently  recorded. 

Use  in  research. — Every  field  experiment  is  carried  out  on  some 
definite  kind  of  soil.  Experimental  results  on  one  kind  may  not  apply 
to  another  kind.  Experiments  should  be  located  so  as  to  represent 
important  types  and  groups  of  soils  in  order  to  help  predict  where 
experimental  results  are  likely  to  apply. 

Growing  interest  in  soils  and  land  use  has  greatly  increased  the 
demand  for  more  soil  information,  particularly  by  vocational  schools 
and  veteran  trainees.  Enlarged  research  activities  also  require  more 
extensive  information  on  the  field  properties  of  soils.  The  adaptation 
of  new  crops  to  special  conditions  is  receiving  added  consideration. 
The  expanding  educational  and  research  programs  must  be  accom- 
panied by  enlarged  activities  to  acquire  the  information. 

In  building  roads  and  airports. — Soil  characteristics  influence  the 
design  and  location  of  many  kinds  of  structures,  particularly  highways, 
earth  dams,  and  airports.  Foundation  and  pavement  requirements 
depend  on  soil  properties,  most  of  which  can  be  determined  from  soil 
maps  when  physical  tests  have  been  correlated  with  mapped  soil  types. 
Highway  location  is  often  adjusted  on  account  of  the  effect  of  soil 
types  on  the  cost  of  construction  and  durability  of  the  road.  Soil 
maps  disclose  sources  of  soil  amendments  and  construction  materials, 
such  as  limestone,  sand,  and  gravel.  They  also  provide  valuable 
information  for  the  selection  of  sites  for  new  communities  as  farming 
practices  become  more  intensive  and  population  increases.  The 
community  site  can  be  so  planned  that  farm  dwellings  in  a community 
can  be  best  served  by  public  utilities,  schools,  and  other  services,  with 
the  least  development  costs. 

In  appraising  land. — More  equitable  assessment  of  farm  land  is 
possible  where  good  information  is  available  on  soil  productivity. 
Assessors  are  increasingly  using  soil  maps  and  their  accompanying 
productivity  ratings  toward  this  end.  Many  appraisers  use  soil  maps 
and  reports  in  making  appraisals  for  loans,  to  the  benefit  of  both 
lender  and  borrower. 

To  help  farm  buyers. — Prospective  farm  buyers  are  aided  in  choosing 
land  to  meet  their  needs  through  the  use  of  soil  maps  and  reports  that 
disclose  the  productivity  of  the  soil  for  different  uses  and  crops. 

In  public  land  purchase. — Land  acquisition  for  certain  nonagricul- 
tural  public  uses,  like  military  establishments,  reservoir  sites,  and 
recreation  areas,  should  be  directed  toward  areas  of  low  potential  for 
agriculture.  Soil  maps  can  provide  most  of  the  necessary  information 
for  this  purpose. 

TYPES  OF  SOIL  SURVEYS  NEEDED 

Since  knowledge  of  soils  is  important  in  so  many  different  activities 
and  affects  so  many  kinds  of  decisions,  the  soil-survey  program  will  be 
conducted  so  that  the  survey  of  any  given  area  will  serve  as  many 
different  needs  as  possible.  However,  one  soil  survey  of  a given  area 
cannot  be  expected  to  serve  every  conceivable  need.  For  example, 
to  make  soil  surveys  in  all  parts  of  the  basin  in  the  detail  required  for 
farm  land  in  humid  regions  would  be  wasteful  of  funds.  Land  to  be 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


129 


developed  for  irrigation  will  need  even  more  detailed  investigations, 
but  land  suitable  only  for  grazing  can  be  covered  at  a rapid  rate  by  the 
surveyor. 

The  major  types  of  soil  surveys  needed  for  different  kinds  of  areas 
in  the  basin  are: 

Type  1.  For  irrigated  areas  and  for  new  irrigation  projects. — On 
existing  irrigated  land  and  also  on  proposed  new  irrigation  projects 
scheduled  for  early  development,  detailed  surveys  will  be  needed, 
usually  on  scales  of  8 to  13  inches  to  1 mile.  Surveys  on  these  areas 
will  require  a degree  of  detail  sufficient  for  making  farm  plans.  On 
new  projects  to  be  developed,  the  detail  of  soil  mapping  and  classifi- 
cation will  need  to  be  adequate  to  provide  the  soils  information 
required  by  all  agencies  working  in  the  area.  Deep  borings  will  have 
to  be  made  and  logged  at  fairly  frequent  intervals  to  determine 
drainage  characteristics  of  the  soil.  Laboratory  analyses  of  soils  will 
be  needed  to  determine  amounts  and  kinds  of  soluble  salts,  presence 
of  alkali,  and  physical  soil  properties,  with  sufficient  precision  to 
assure  effective  use  in  planning  irrigation  and  drainage  systems  and 
farm  field  lay-out,  cropping  systems,  and  practices.  Field  mapping 
will  proceed  at  rates  ranging  from  about  100  to  320  acres  per  man-day. 

The  average  cost  of  surveys  of  this  type  will  be  approximately 
$0.65  per  acre,  including  publication.  Approximately  12,000,000 
acres  will  require  surveys  at  this  level  of  detail,  at  a total  cost  of 
$7,800,000,  including  publication. 

Type  2.  For  potential  irrigated  areas. — In  appraising  irrigation 
possibilities  for  potential  projects,  surveys  are  needed,  usually  on 
scales  of  3 to  4 inches  to  1 mile.  Such  surveys  will  provide  the  soil 
information  required  to  determine  the  preliminary  plan  of  development 
which  in  turn  will  delineate  the  areas  to  be  covered  by  the  more 
detailed  surveys  of  type  1.  Field  mapping  will  proceed  at  rates  of 
from  600  to  4,000  acres  per  man-day. 

The  average  cost  of  surveys  in  this  type  will  be  approximately 
$0.06  per  acre,  including  publication.  Approximately  3,000,000  acres 
will  require  surveys  at  this  level  of  detail,  at  a total  cost  of  $180,000, 
including  publication  for  those  areas  not  covered  by  a more  detailed 
survey. 

Type  8.  Exploratory  surveys. — Rapid  surveys  of  some  parts  of  the 
basin  are  needed  to  provide  general  soils  information  to  delimit  areas 
justifying  a more  detailed  examination  as  provided  in  type  2 in  connec- 
tion with  possible  irrigation,  or  for  other  purposes  requiring  the  delinea- 
tion of  broad  soil  areas,  such  as  guiding  the  location  of  experiments, 
field  trials,  and  demonstrations,  so  as  to  be  sure  they  represent  definite 
and  important  soil  areas.  Where  the  land  is  already  covered  by  old 
soil  maps  this  information  can  be  obtained  largely  from  them.  New 
mapping  will  be  on  aerial  photographs  at  rates  ranging  from  approxi- 
mately 6,000  to  12,000  acres  per  man-day.  Surveys  of  this  type  will 
be  scheduled  in  collaboration  with  all  State  and  Federal  agencies 
immediately  concerned  with  the  problems  requiring  them  and  will 
take  account  of  work  done  or  planned  by  those  agencies.  Surveys 
of  types  2,  4,  5,  or  6,  where  already  available,  and  also  many  existing 
soil  surveys  of  less  detail  than  is  specified  for  these  types,  will  serve 
the  objectives  of  this  type. 

The  average  cost  of  surveys  of  this  type  will  be  approximately  $0.01 
per  acre.  Approximately  1,600,000  acres  may  require  surveys  at 
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this  level  of  detail,  at  a total  cost  of  $16,000.  Publication  of  the  maps 
resulting  from  surveys  of  this  class  is  not  contemplated. 

Type  4-  Tor  humid  and  subhumid  areas  generally. — In  humid  and 
subhumid  farming  areas,  except  within  irrigation  projects  where  con- 
struction has  been  authorized,  surveys  generally  will  be  needed  on  a 
scale  usually  of  about  4 inches  to  1 mile,  in  detail  sufficient  for  land 
use  and  farm  planning.  The  average  rate  of  progress  will  be  about 
640  acres  per  man-day.  Surveys  of  this  type  will  suffice  to  meet  the 
objectives  of  those  of  type  3,  and  where  surveys  of  type  4 have  been 
completed  surveys  of  type  3 will  not  be  needed. 

The  average  cost  of  surveys  of  type  4 will  be  approximately  $0.16 
per  acre,  including  publication.  Approximately  67,000,000  acres  will 
require  surveys  in  this  detail,  at  a total  cost  of  $10,720,000. 

Type  5.  For  the  less  humid  dry-farming  areas  generally. — In  the  less 
humid  dry-farming  areas,  characterized  by  the  more  extensive  types 
of  farming,  surveys  will  be  needed  usually  on  scales  of  3.17  to  4 inches 
to  1 mile,  in  sufficient  detail  for  land  use  and  farm  planning,  but  at 
a level  of  detail  permitting  an  average  rate  of  progress  of  approxi- 
mately 1,280  acres  per  man-day.  Surveys  of  type  5 will  suffice  to 
meet  the  objectives  of  those  of  type  3,  and  where  services  of  type  5 
have  been  completed  surveys  of  type  3 will  not  be  needed. 

The  average  cost  of  surveys  of  type  5 will  be  approximately  $0.08 
per  acre,  including  publication.  Approximately  55,000,000  acres  will 
require  surveys  in  this  detail,  at  a total  cost  of  $4,400,000. 

Type  6.  For  areas  predominantly  suitable  for  grazing. — In  areas 
predominantly  suitable  for  grazing,  surveys  will  be  needed  that  can 
be  published  usually  at  scales  of  % to  2 inches  to  1 mile,  in  detail 
sufficient  for  land  use  and  farm  planning,  but  at  a level  of  detail 
permitting  an  average  rate  of  progress  of  approximately  2,560  acres 
per  man-day.  Surveys  of  type  6 will  suffice  to  meet  the  objectives 
of  type  3,  and  where  surveys  of  type  6 have  been  completed  surveys 
of  type  3 will  not  be  needed. 

The  average  cost  of  surveys  of  type  6 will  be  approximately  $0.04 
per  acre,  including  publication.  Approximately  87,200,000  acres 
will  require  surveys  in  this  detail,  at  a total  cost  of  $3,488,000. 

Type  7.  For  forested  mountainous  watershed  lands. — In  the  moun- 
tainous parts  of  the  basin  covered  predominantly  by  forests,  a some- 
what generalized  and  simplified  survey  is  needed  for  management 
purposes.  The  intensity  of  the  survey  in  many  respects  will  be 
comparable  to  that  for  grazing  lands  (type  6).  Data  will  disclose 
soil  associations  and  complex  soil  conditions,  with  recognition  of 
parent  material,  texture,  slope,  erosive  characteristics,  and  types  of 
vegetation  existing  as  ground  cover.  The  publication  scale  of  the 
map  usually  will  be  one-half  to  2 inches  to  1 mile,  with  rate  of  field 
progress  estimated  at  640  to  2,560  acres  per  man-day.  As  far  as  is 
practical,  the  surveys  will  be  carried  on  concurrently  with  timber  and 
forest-range  inventories. 

The  average  cost  of  surveys  of  type  7 will  be  approximately  $0.08 
per  acre,  including  publication.  Approximately  25,200,000  acres 
will  require  surveys  in  this  detail,  at  a total  cost  of  $2,016,000. 

Coverage  and  publication 

The  above  types  of  surveys  include  both  those  made  under  an 
uninterrupted  method  of  coverage,  herein  called  basic  soil  surveys, 
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and  those  made  of  individual  farms  or  groups  of  farms,  herein  referred 
to  as  soil-conservation  surveys.  Soil  surveys,  as  the  term  is  used 
here,  include  surveys  made  by  either  method. 

Soil  surveys  employing  an  uninterrupted  method  of  coverage  and 
employing  the  basic  soil  classification,  hereafter  defined,  are  here 
termed  “basic-soil  surveys.”  Such  surveys,  conforming  to  the  require- 
ments of  types  1,  2,  4,  5,  6,  and  7,  according  to  the  areas  in  which  they 
are  made,  will  be  completed  for  the  entire  basin  not  already  adequately 
covered.  Definitely  bounded  areas  ranging  in  size  from  about  50  to 
several  hundred  square  miles  will  be  adopted  as  survey  units.  In 
irrigated  areas,  the  irrigation  project  and,  in  other  areas,  the  county 
will  generally  be  the  unit  of  survey.  A single  publication  containing 
maps  and  reports  will  generally  be  issued  to  cover  each  survey  unit. 
In  irrigated  areas,  one  publication  may  cover  two  or  more  adjoining 
irrigation  projects,  provided  the  timing  of  surveys  in  the  two  projects 
makes  such  procedure  feasible.  The  survey  unit  will  extend  some- 
what beyond  the  existing  or  proposed  irrigated  land  to  facilitate 
possible  adjustments  in  the  boundaries  of  the  project  or  to  include 
nonirrigated  lands  likely  to  be  operated  within  farms  also  using 
irrigated  lands. 

A county  containing  both  irrigated  and  nonirrigated  areas  may 
be  covered  with  a single  publication  in  which  separate  maps  covering 
irrigated  and  nonirrigated  portions  may  be  included. 

After  a survey  has  been  initiated  in  a survey  unit,  mapping  will 
progress  substantially  with  geographic  continuity  until  the  whole 
unit  has  been  covered.  This  continuous  method  of  coverage  has  been 
found  more  economical  than  the  separate  coverage  of  noncontiguous 
farms  or  other  small  tracts.  Consistency  in  the  nomenclature  and 
classification  is  easier  to  maintain. 

Field  maps  and  other  pertinent  information  will  be  reproduced  for 
agencies  having  immediate  use  for  them  without  waiting  for  pub- 
lication. 

Complete  coverage  of  all  lands  in  the  basin  will  not  be  available 
for  a number  of  years  due  to  the  limited  number  of  technically  trained 
personnel  and  limitations  on  the  speed  with  which  new  personnel  can 
be  trained.  Agencies  needing  surveys  of  individual  farms  will  make 
surveys  of  such  farms  or  groups  of  farms  as  required  to  carry  out  their 
operations  as  provided  in  the  following  paragraphs. 

In  order  to  meet  operational  needs  in  areas  where  adequate  basic 
soil  surveys  have  not  been  provided,  agencies  requiring  surveys  of 
individual  farms  or  groups  of  farms  or  irrigation  projects  will  make 
such  surveys  in  accordance  with  the  principles  and  agreements  set 
forth  by  the  Joint  Committee  on  the  National  Soil  Survey  in  January 
1945. 

Surveys  of  single  farms  or  groups  of  farms  made  to  meet  opera- 
tional needs  are  here  termed  “soil  conservation  surveys.”  Soil 
conservation  districts  now  in  operation  are  being  assisted  to  help 
land  owners  and  operators  make  farm  and  ranch  conservation  plans  at 
the  rate  of  about  5,000,000  acres  per  year.  Soil-conservation  surveys 
will  be  made  on  individual  farms  or  groups  of  farms  to  meet  this  need 
each  year.  In  addition,  surveys  will  be  made  to  obtain  supple- 
mentary information  on  physical  land  conditions  where  needed  in  soil 
and  water  conservation  programing  or  planning.  Soil-conservation 
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surveys  may  be  published  where  contiguous  covered  areas  are  of 
sufficient  size  for  the  publication  to  be  useful  to  the  general  public. 

In  these  surveys,  soil  differences  will  be  determined  according  to 
criteria  established  by  the  agency  making  them  to  meet  its  require- 
ments and  the  soils  may  be  named  later  according  to  the  basic  soil 
classification.  The  rates  of  coverage  and  the  degree  of  detail  on 
these  surveys  will  be  in  accordance  with  the  types  listed  for  the 
different  kinds  of  areas. 

In  carrying  out  a basic  soil  survey  of  a designated  survey  unit, 
the  utmost  possible  use  will  be  made  of  individual  farm  surveys 
already  completed.  The  individual  farm  surveys  can  be  used  so  as 
to  reduce  significantly  the  cost  of  the  basic  soil  survey. 

Where  adequate  soil  surveys  cannot  be  made  available  in  time  to 
meet  the  needs  of  the  Bureau  of  Reclamation,  this  agency  is  expected 
to  collect  the  necessary  soils  information,  in  cooperation  with  the 
various  States,  along  with  topographic,  drainage,  and  other  data 
necessary  for  land  classification  according  to  Bureau  of  Reclamation 
standards  and  specifications. 

The  cost  of  surveys  of  single  farms  or  groups  of  farms  made  to  meet 
operational  needs  and  the  cost  of  adopting  or  supplementing  basic  soil 
surveys  for  this  purpose  are  included  in  the  cost  of  the  particular 
program  requiring  them. 

Features  of  the  surveys 

Basic  soil  classification. — The  basic  soil  survey  will  identify  and 
classify  the  soils  as  types  and  phases  according  to  the  Nation-wide 
system  of  soil  nomenclature.  This  will  be  the  basic  sod  classification. 
Units  of  the  basic  soil  classification  will  then  be  grouped  into  various 
practical  land  classes  showing,  for  example,  productivity  under 
irrigation. 

Soil  types  will  be  subdivided  into  phases  so  as  to  express  differences 
in  soils,  slopes,  erosion  conditions,  and  other  factors  as  required  to 
meet  the  needs  previously  described. 

Surveys  of  individual  farms  made  in  advance  of  the  basic  soil  survey 
by  an  agency  to  meet  its  immediate  operational  needs  will  not  neces- 
sarily employ  the  basic  soil  classification,  but  wdl  do  so  wherever  the 
agency  finds  it  feasible. 

Laboratory  analysis  and  aerial  photographs. — All  surveys  will  be 
supported  by  laboratory  analyses  sufficient  to  enable  proper  classifica- 
tion of  sods  for  the  purposes  intended  to  be  served  by  the  survey. 

Field  base  maps  for  surveys  will  be  aerial  photographs  wherever 
practical.  In  some  areas,  topographic  maps  may  be  used. 

Interpretation  and  classification. — In  addition  to  the  basic  soil 
classification  the  soils  information  will  be  interpreted  into  various 
useful  classifications  according  to  the  needs  of  operating  agencies  and 
for  the  information  of  the  public.  These  may  include: 

(а)  Classification  according  to  productivity,  including  predic- 
tions of  expectable  average  yields  from  different  soils. 

(б)  Land  capabdity  classification:  A classification  of  land 
according  to  its  characteristics,  including  climate,  that  affect  its 
usefulness,  its  limitations,  and  the  hazards  to  which  it  is  subject 
under  cropping,  grazing,  and  forestry  uses. 

(c)  Special  classifications  according  to  need  for  fertilizers,  lime, 
salinity  control,  drainage,  and  erosion  control  measures  as 
required  by  problems  of  the  areas. 
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(d)  Ratings  of  soils  as  to  permeability,  infiltration  capacity, 
moisture  retentiveness,  erosion  hazard,  and  forest  site  quality  as 
required  by  problems  of  the  area. 

EXISTING  COVERAGE 

Approximately  107,287,000  acres  of  the  basin  have  been  covered 
with  soil  surveys  published  principally  in  county  units  (fig.  22).  Not 
all  meet  the  requirements  of  the  types  of  survey  here  specified  for  the 
kind  of  areas  which  they  covered.  Surveys  covering  a total  area  of 
about  19,000,000  acres  are  in  progress. 

Approximately  31,599,000  acres  have  been  covered  with  surveys 
adequate  for  farm  planning.  Most  of  this  acreage  is  in  surveys  of 
scattered  farms,  but  a few  whole  counties  and  other  large  geographic 
units  have  been  covered  in  this  degree  of  detail. 

SUMMARY  OF  RECOMMENDED  PROGRAM 

The  States  historically  bear  a part  of  the  cost  of  soil  surveys.  It  is 
expected  that  they  will  continue  to  participate  in  this  work,  at  a rate 
at  least  as  large  as  in  the  past  and  probably  at  an  accelerated  rate. 
Due  to  the  greatly  accelerated  rate  of  progress  recommended  here, 
however,  the  States  are  expected  to  be  able  to  bear  considerably  less 
than  half  of  the  cost.  Federal  expenditures  for  this  work  will  be  made 
where  the  States  also  participate,  but  it  is  not  possible  to  determine 
what  share  the  States  will  be  able  to  bear. 

Table  29. — Estimated  acreage  and  costs  of  soil  surveys  1 


State 

Acres 

Cost  (Federal 
and  State) 

Colorado..  ..........  ........ 

15. 300. 000 
9, 000, 000 

21. 300. 000 
700, 000 

9, 000, 000 

75. 100. 000 
9, 600,  000 

36, 100,  000 
37,  500, 000 
35,  200, 000 

$2, 200, 000 

1. 580. 000 

3. 100. 000 
100, 000 

1,  400, 000 
5,  800, 000 

2,  270, 000 
5,  470,  000 
4,  200, 000 
2,  500, 000 

Iowa.  ..  ...  . . . . . .. 

Kansas  

Minnesota.  _ 

Missouri.  _ _ ...  ......  ... 

Montana  . 

Nebraska 

North  Dakota 

South  Dakota  ....  ....  . 

Wyoming ..  _ ... ..  ... 

Total  . . . _ 

3 248, 800, 000 

28, 620, 000 

1 Excludes  costs  of  surveys  of  individual  farms  or  groups  of  farms  made  to  meet  immediate  operational 
needs  arising  before  coverage  of  whole  survey  areas  is  afforded.  Costs  of  such  surveys  are  borne  as  part 
of  the  costs  of  the  programs  requiring  them.  Costs  estimated  in  these  tables  take  account  of  expected  use 
of  such  surveys  of  individual  farms  in  preparing  soil  maps  of  whole  survey  areas. 

3 Net  acreage,  excluding  areas  to  be  covered  a second  time,  by  a more  detailed  type  of  survey. 


Table  30. — Estimated  acreage  and  costs  of  soil  surveys  by  types  1 


Type 

Acres 

Cost  per 
acre 

Total  cost  (Fed- 
eral and  State) 

1 

2 . . 

12, 000, 000 
3, 000, 000 
1, 600, 000 
67,  000, 000 
55, 000, 000 
87,  200, 000 
25,  200, 000 

$0.  65 
.06 
.01 
.16 
.08 
.04 
.08 

$7, 800, 000 
180, 000 
16, 000 
10,  720, 000 
4,  400,  000 
3,  488, 000 
2,  016, 000 

3 

4 

5  

6 .... 

7 . . . . . 

Total 

251,  000,  000 

28, 620, 000 

1 Excludes  costs  of  surveys  of  individual  farms  or  groups  of  farms  made  to  meet  immediate  operational 
needs  arising  before  coverage  of  whole  survey  areas  is  afforded.  Costs  of  such  surveys  are  borne  as  part 
of  the  costs  of  the  programs  requiring  them.  Costs  estimated  in  these  tables  take  account  of  expected  use 
of  such  surveys  of  individual  farms  in  preparing  soil  maps  of  whole  survey  areas. 
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Figure  22. 
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Program  of  Research  and  Investigations 

Research  and  investigations  needed  to  support  the  recommended 
programs  of  land  and  water  development  have  been  designed  through 
the  combined  efforts  of  scientists  of  the  United  States  Department 
of  Agriculture  and  the  agricultural  experiment  stations  of  the  land- 
grant  colleges  of  the  Missouri  Basin.6  The  program  will  be  carried 
out  largely  through  the  close  cooperation  of  these  groups,  with 
appropriations  provided  by  both  Federal  and  State  Governments. 

Agricultural  research  is  a primary  source  of  the  present  high  level 
of  production  on  American  farms.  Farming  has  many  hazards  in 
addition  to  those  that  beset  most  other  businesses.  Unpredictable 
weather,  insects,  and  plant  and  animal  diseases  open  farming  to  more 
than  usual  business  risks.  The  difficulty  of  the  thousands  of  indi- 
vidual producers  acting  together  to  adjust  their  production  to  market 
demand  adds  the  risk  of  more  severe  price  fluctuation  than  in  most 
other  enterprises.  Farmers  have  a complex  problem  in  the  develop- 
ment and  conservation  of  their  land  resources.  A vigorous  and 
resourceful  research  program  in  the  past  has  given  us  such  things  as 
high-yielding  and  disease-resistant  plants,  effective  insecticides,  labor- 
saving  machines,  and  market-outlook  information  which  have  greatly 
increased  the  security  of  farm  people. 

However,  special  research  is  imperative  beyond  that  which  will 
be  afforded  through  the  continuation  of  that  part  of  the  present 
national  and  State  research  programs  within  the  basin.  Accelerated 
research  is  needed  to  precede  and  guide  the  greatly  expanded  programs 
of  irrigation,  drainage,  land  treatment,  and  watershed  management 
in  prospect  for  the  basin.  Problems  arising  in  the  development  and 
use  of  particular  areas  have  not  been  and  are  not  likely  to  be  answered 
by  investigations  not  specifically  designed  to  meet  them.  For  ex- 
ample, each  of  the  large  irrigation  projects  presents  problems  peculiar 
to  itself,  such  as  how  and  when  to  irrigate,  what  farm  enterprises  to 
encourage,  what  cropping  systems  to  follow,  what  fertilizers  to  use, 
and  what  sizes  and  types  of  farms  are  suitable.  These  are  not 
answered  by  general  research  on  irrigation  development,  nor  by 
investigations  of  any  but  the  actual  areas  to  be  irrigated. 

Similarly,  measures  to  manage  and  conserve  watershed  resources 
require  investigations  dealing  with  the  combination  of  soils,  topog- 
raphy, climate,  drainage,  and  vegetal  cover  existing  in  specific  areas. 
Research  at  the  rate  heretofore  carried  on  cannot  be  expected  to  pro- 
vide answers  to  problems  peculiar  to  all  the  different,  yet  important, 
situations  in  the  basin. 

The  research  recommendations  herein  are  designed  to  furnish  the 
factual  basis  for  the  accelerated  program  of  land,  forest,  and  water 
development  and  assure  its  full  completion  with  the  least  use  of  costly 
trial  and  error. 

The  several  classes  of  essential  supporting  research  include  the 
following:  (1)  Conservation  and  management  of  farm  and  ranch  lands, 
(2)  management  of  forest  and  range  lands,  (3)  reduction  of  water  run- 
off and  sediment,  (4)  development  of  irrigation,  (5)  development  of 
drainage,  and  (6)  research  on  weather-tolerant  plants,  insect  control, 

6 This  program  was  developed  from  the  Preliminary  Report  of  Agricultural  Research  Projects  for  the 
Missouri  Basin,  by  the  Regional  Technical  Committee  on  Research,  State  Agricultural  Experiment  Sta- 
tions, U.  S.  Department  of  Agriculture,  and  U.  S.  Department  of  the  Interior  cooperating,  Lincoln,  Nebr., 
February  10, 1949. 
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farm  machinery,  and  farm  engineering  for  efficiency  in  use  of  labor  and 
power.  Each  of  the  first  five  classes  is  needed  to  support  a segment 
of  the  recommended  land,  water,  and  forest  development  program. 
The  sixth  is  of  importance  to  all  segments  of  that  program. 

But  all  the  research  requirements  that  may  emerge  during  the  30 
years  in  which  this  far-reaching  river  basin  development  program  is  in 
progress  cannot  be  foreseen.  Therefore,  the  accelerated  research 
program  will  be  adjusted  from  time  to  time  to  meet  such  needs.  After 
the  initial  10-year  period,  attention  also  will  be  given  to  investigations 
in  such  as  family  living,  crop  utilization,  and  animal  production.  With 
the  completion  of  the  development  program,  the  research  work  will 
be  adjusted  to  a level  compatible  with  maintenance  needs. 

CONSERVATION  AND  MANAGEMENT  OF  FARM  AND  RANCH  LAND 

Management  and  conservation  of  soil  and  water 

Limited  studies  indicate  that  from  30  to  50  percent  of  the  original 
nitrogen  and  organic  matter  content  of  most  soils  of  the  basin  have 
been  lost  by  decomposition  and  erosion.  Decreased  levels  of  nitrogen 
and  phosphorus  tend  to  limit  crop  yields  in  years  of  favorable  rainfall. 
Infiltration  of  rainfall  is  too  low,  and  too  little  moisture  is  stored  to 
supply  crop  needs.  This  condition  has  increased  the  hazards  of  run- 
off and  erosion  on  uplands  with  subsequent  silting  of  reservoirs,  stream 
beds,  and  fertile  bottom  lands.  The  problem  involves  the  use  of  con- 
tour tillage,  terracing,  and  other  mechanical  practices  as  well  as  find- 
ing methods  of  producing  crop  cover  and  methods  of  providing  crop 
residues  to  reduce  run-off  and  erosion.  Experimental  work  in  the 
humid  region  indicates  that  the  use  of  lime,  crop  residues,  fertilizers, 
and  adapted  legumes  are  promising  techniques  in  making  poor  and 
eroded  soils  produce  good  crops.  To  what  extent  these  and  other 
practices  are  adapted  to  the  different  soil  and  climatic  conditions  of 
the  basin,  particularly  the  part  that  receives  less  than  25  inches  of 
rainfall,  is  unknown. 

Recommended  research. — The  research  program  will  be  expanded  to 
include  more  experimental  comparisons  in  various  cropping  systems; 
residue  management;  fallow,  tillage,  and  soil-treatment  procedures, 
depending  on  the  agricultural  potentialities  of  a particular  area.  The 
effects  will  be  studied  in  relation  to  control  of  weed  growth,  water  con- 
servation, and  utilization,  crop  production  and  fertility  maintenance, 
and  residue  control  of  wind  and  water  erosion.  These  studies  will 
involve  comparisons  of  the  various  types  of  vegetal  cover  and  soil 
treatments,  contour  furrows,  terraces,  and  other  mechanical  devices 
in  reducing  erosion  and  run-off.  Methods  will  be  studied  for  improv- 
ing the  chemical,  physical,  and  biological  properties  of  the  soil.  Peri- 
odic determinations  will  measure  the  changes  that  take  place  in  these 
properties.  Also  included  will  be  studies  of  soil  treatments  and  cul- 
tural methods  with  various  legume  and  nonlegume  crops  and  ways  of 
integrating  the  use  of  such  crops  into  good  soil-management  systems. 
Special  research  will  be  made  on  methods  of  improving  the  productive 
capacity  of  badly  eroded  soils  and  of  preventing  further  erosion  of  these 
soils. 
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Improved  legume  and  grass  seed- 

The  importance  of  grass  and  legume  forage  crops  for  soil  conserva- 
tion and  as  elements  in  economical  farm  management  is  being  recog- 
nized in  the  basin.  The  necessity  of  keeping  land  protected  with  a 
growing  crop  has  become  more  apparent  as  more  land  has  been  put 
into  cultivated  crops.  In  order  to  keep  the  proper  acreages  in  pasture 
or  hay,  enormous  quantities  otf  seed  are  necessary.  The  shortage  of 
seed  has  limited  the  use  of  these  forage  crops  for  soil  conservation. 
The  requirements  are  for  species  and  varieties  best  adapted  for  use  on 
the  different  soils  and  under  the  differing  climatic  conditions  of  the 
basin.  Only  limited  quantities  of  seed  of  these  most  desirable  kinds 
have  been  produced,  and  the  most  efficient  possible  methods  of  seed 
production  have  not  been  developed.  Not  many  growers  have  made 
a specialty  of  growing  seeds  of  these  adapted  legumes  and  grasses, 
because  not  enough  information  is  available  on  the  methods  and  soils 
to  use. 

Recommended  research . — Methods  of  seed  production  will  be  studied, 
including  soils,  systems  of  planting,  and  ways  of  harvesting  and 
processing  seed  in  order  that  it  may  be  in  most  satisfactory  condition 
for  planting  and  for  germination.  Investigations  will  discover  the 
effect  of  treatments  such  as  irrigation,  cultivation,  fertilizers  of  differ- 
ent types,  and  place  in  rotation  on  maximum  production  from  high 
quality  seed. 

Grassland  management  and  forage  utilization 

Good  grassland  with  vigorous,  dense  stands  is  one  of  the  most 
effective  of  the  available  erosion  and  run-off  controls.  Land-use 
objectives  call  for  the  maintenance  of  the  large  existing  acreage  of 
grass,  a shift  of  about  10,000,000  acres  of  cropland  to  permanent 
grass  cover,  and  a shift  of  a considerable  additional  intertilled  acreage 
to  rotations,  including  hay  and  pasture.  The  effectiveness  of  this 
phase  depends  upon  what  management  practices  are  adopted.  They 
will  determine  the  extent  to  which  farmers  and  ranchers  will  use  grass 
as  a major  crop.  Each  type  of  grass  and  grass-legume  mixture  re- 
quires its  own  kind  of  management,  fertilizer  treatment,  and  cultural 
and  grazing  practices.  These  must  be  modified  according  to  changes 
in  climatic  and  soil  factors.  The  acceptance  of  this  program  also  will 
depend  upon  developing  management  systems  and  methods  of  utiliz- 
ing the  forage  for  profitable  production  of  livestock  and  livestock 
products. 

Recommended  research. — The  most  desirable  grazing  and  feeding 
practices  will  be  ascertained  for  various  types  of  pasture.  New 
varieties  of  grasses  and  legumes  as  well  as  grass-legume  mixtures  will 
be  tested  for  use  in  livestock  production.  The  economy  of  using  more 
pasture  and  forage  in  production  of  animals  for  slaughter  will  be 
studied  as  well  as  the  most  efficient  use  of  these  forages  in  dairy-herd 
management  practices.  Methods  of  harvesting  and  storing  grass  and 
legumes  for  use  as  hay  and  silage  during  between-pasture  seasons  will 
be  studied. 
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Economic  research 
Economic  problems  of  conservation 

The  general  public  is  interested  in  conservation  in  terms  of  the 
long-run  well-being  of  the  Nation.  An  individual  farmer,  however, 
often  must  judge  proposed  conservation  measures  by  short-run  costs 
and  returns.  The  success  of  the  conservation  program  depends  upon 
the  use  of  the  recommended  measures  by  thousands  of  landowners 
and  farm  operators  and  upon  the  type  and  scope  of  governmental 
participation  in  land  conservation.  Problems  involved  in  obtaining 
adoption  of  conservation  land-use  practices  must  deal  with  an  analysis 
of  the  cost-income  balance  of  present  systems  of  farming  and  land  use 
in  contrast  to  returns  from  recommended  conservation  practices, 
evaluation  of  public  benefits  and  costs  from  conservation  farming, 
study  of  necessary  tenure  arrangements,  other  needed  institutional 
adjustments,  and  inducements  and  incentives  that  will  be  required  if 
a well-balanced  land  conservation  program  is  to  be  achieved.  Such 
studies  are  necessary  in  order  to  learn  to  what  extent  landowners  and 
operators  can  afford  to  adopt  land-conservation  measures  and  the 
degree  to  which  public  assistance  is  necessary  and  desirable  in  the 
interest  of  national  welfare. 

Recommended  research. — Eesearch  will  include  an  analysis  of  prob- 
able costs  and  returns  from  various  types  and  combinations  of  land- 
improvement  and  conservation  measures,  public  interests  and  re- 
sponsibility m conservation  measures  on  private  land,  and  probable 
obstacles  to  recommended  land-use  practices  and  conservation  mea- 
sures and  how  to  meet  them. 

Problems  created  by  flooding  land  m reservoir  sites 

When  the  Government  takes  over  privately  owned  land  in  order  to 
use  it  for  reservoir  sites,  some  farmers  have  to  move,  land  is  taken 
out  of  agricultural  production,  and  local  communities  and  local  govern- 
ments are  disturbed.  About  2.5  million  acres  of  land  and  possibly 
4,000  farms  are  involved  in  the  proposed  reservoir  sites  in  the  Missouri 
Basin.  In  some  cases,  not  all  of  the  land  within  a reservoir  area  is 
permanently  flooded;  part  of  it  may  be  used  for  agricultural  purposes. 

Recommended  research. — These  problems  will  be  studied  to  deter- 
mine possible  opportunities  for  displaced  farmers,  how  best  to  use 
land  that  is  flooded  only  occasionally,  and  how  to  adjust  the  finances 
of  local  governments.  The  studies  will  also  seek  ways  of  reducing 
the  local  impact  of  adopting  sites  for  reservoirs. 

Economic  arrangements  to  reduce  instability  of  tenure  and  income 

The  heavy  investments  contemplated  in  the  basin  are  expected  to 
improve  the  physical  basis  for  better  use  of  human  as  well  as  natural 
resources.  However,  improvements  of  this  kind  can  be  largely  offset 
in  the  case  of  individuals  by  lack  of  suitable  rental  agreements,  tax 
procedure,  credit  arrangements,  crop  insurance,  and  suitable  methods 
of  building  financial  reserves.  This  is  particularly  true  in  the  Great 
Plains  where  variations  in  weather  and  prices  have  created  great 
instability  of  tenure  and  income. 

The  experience  of  the  Great  Plains  during  the  last  two  decades  is 
proof  enough  that  improved  resource  utilization  calls  for  special 
arrangements  to  safeguard  farm  tenure  and  to  stabilize  income. 
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In  the  droughts  and  depression  of  the  1930’s,  many  families  lost 
their  farms  because  of  mortgage  foreclosures  and  tax  delinquency. 
During  and  after  the  recent  war,  the  combination  of  favorable  weather 
and  high  prices  brought  about  a remarkable  recovery.  There  are 
fewer  tenants  than  at  any  time  since  1910  and  less  mortgage  indebted- 
ness m 1947  than  at  any  time  since  1920.  Whether  this  prosperous 
state  of  affairs  continues  depends  first  on  the  weather  and  on  grain 
prices  and  second  on  the  extent  to  which  the  farmers  are  protected 
by  financial  reserves,  adapted  mortgage  credit,  tax  laws,  and  rental 
agreements,  crop  insurance  and  price  supports,  feed  reserves,  and 
good  land-management  practices. 

Becommended  research. — The  experiences  of  the  past  will  be  studied 
as  a basis  for  determining  what  economic  and  financial  arrangements 
should  be  made  to  prevent  the  widespread  disasters  that  have  affected 
this  region.  Research  will  include  ways  of  increasing  security  of 
tenure  under  variable  income,  methods  of  variable  payments  under 
credit  and  rental  contracts,  adjustments  to  avoid  tax  delinquency, 
modification  in  credit  to  meet  varying  needs  for  operating  capital,  and 
the  extent  the  variations  in  crops  and  income  may  be  reduced  by 
building  farm  feed  reserves  and  by  crop  insurance  and  grain  storage 
programs  for  the  area. 

FOREST  AND  RANGE  RESEARCH 

Forest  and  range  lands  are  sources  of,  singly  or  in  combinations, 
water  supplies,  timber  for  lumber  and  other  products,  forage  for  graz- 
ing, wild  game,  and  recreation.  In  many  places,  poor  timber-cutting 
practices,  overgrazing,  and  fire  have  reduced  the  productive  capacity 
and  impaired  watershed  values.  Expanded  research  is  needed  to 
strengthen  the  basis  for  more  effective  management  of  these  forest 
and  range  lands. 

Watershed  management 

The  rate  of  flow,  seasonal  distribution,  and  usability  of  surface 
water  for  irrigation,  power,  and  domestic  uses  is  greatly  influenced  by 
the  conditions  on  watershed  lands.  The  density  of  forest  vegetation 
and  the  presence  of  litter  have  a regulating  influence  on  the  accumula- 
tion and  melting  of  snow,  the  percolation  and  storage  of  water  in  the 
soil,  and  the  usability  and  yield  of  water  from  the  watershed  lands. 
In  the  Rocky  Mountains  and  the  Ozark  highlands,  where  the  greatest 
annual  precipitation  occurs,  healthy  conditions  in  the  forested  head- 
water areas  is  essential  to  increase  the  usability  of  water  for  irrigation, 
power,  domestic  purposes,  and  navigation  and  to  reduce  the  hazards 
from  floods  and  sedimentation.  In  the  plains  areas,  trees  and  shrubs 
are  needed  to  conserve  moisture,  to  protect  lands  from  floods  and 
stream  banks  from  erosion,  to  shelter  farmsteads  and  other  plantings 
from  sun  and  wind,  and  to  shield  roads  from  drifting  snow. 

Becommended  research. — A research  program  will  give  findings  on 
a great  variety  of  questions.  Among  them  are  the  effect  of  different 
methods  and  different  intensities  of  forest  and  range  use  on  the  produc- 
tion of  usable  water  and  improved  methods  of  cutting  and  utilizing 
timber  and  forage  resources  so  as  to  reduce  soil  erosion,  siltation,  and 
flood  damage  as  well  as  to  obtain  maximum  yield  of  water  of  good 
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quality.  The  conservation  of  snow  melt  and  rainfall  for  use  during 
critical  dry  periods,  for  protection  of  maximum  usable  water  supplies, 
and  for  replenishment  of  ground-water  supplies  likewise  needs  more 
investigation.  Research  also  is  needed  in  the  most  rapid  and  econom- 
ical means  of  reducing  accelerated  wind,  sheet,  gully,  and  stream-bank 
erosion  and  the  best  ways  of  obtaining  maximum  benefits  from  shelter- 
belts  and  farmstead  plantings. 

Forest  management 

The  timber  resource  now  supplies  only  20  percent  of  the  local  needs 
for  lumber  and  wood  products.  This  is  a fraction  of  their  potential 
contribution  on  a sustained-yield  basis.  When  large  blocks  of  mature 
timber  stands  in  the  Rocky  Mountains  are  cut,  productive  growing 
stock  should  be  retained  for  reproduction.  In  the  hardwood  forests 
in  the  eastern  part  of  the  basin,  commercial  cutting  has  taken  the  best 
with  insufficient  care  and  attention  to  replacement.  Overcutting, 
overgrazing,  burning,  and,  in  some  instances,  unwise  land  clearing 
have  greatly  reduced  hardwood  forests  and  impaired  their  quality 
and  productiveness. 

Recommended  research.—- The  research  program  of  forest  manage- 
ment will  give  findings  on  the  best  methods  to  use  in  converting  mature 
and  overmature  forests  to  thrifty  growing  timber  stands,  ways  and 
means  of  promptly  reforesting  cut-over  lands,  and  the  best  practices 
to  improve  both  quantity  and  quality  of  tree  growth.  The  rehabilita- 
tion of  areas  depleted  by  fire,  insects,  diseases,  and  destructive  logging 
will  be  studied.  This  includes  the  problem  of  producing  trees  for 
planting  more  economically.  Harvesting  methods  that  will  not  be 
injurious  to  the  land  and  that  will  encourage  the  growth  of  uncut 
trees  into  valuable  timber  form  another  research  problem. 

Range  management 

In  the  Missouri  Basin,  a greater  area  is  devoted  to  range  livestock 
production  than  to  any  other  land  use.  Ranges  support  millions  of 
head  of  cattle  and  sheep  for  a part  of  each  year.  But  vast  areas  are 
deteriorated,  produce  only  a fraction  of  what  they  are  capable,  and 
permit  serious  accelerated  soil  erosion. 

Recommended  research . — The  research  program  will  search  out  the 
best  adapted  practices  in  range  utilization  so  as  to  produce  greater 
livestock  values  as  well  as  maintain  and  improve  the  forage  resources. 
Range  reseeding  problems  involve  research  in  species,  mixtures,  and 
methods.  The  study  of  economical  methods  of  controlling  brush, 
weeds,  and  other  noxious  plants  on  the  ranges  can  prove  especially 
valuable.  Criteria  for  judging  range  conditions  also  need  investigation. 

Fire  control 

The  successful  management  of  forest  and  range  lands  cannot  be 
attained  without  adequate  fire  protection.  At  present,  losses  from 
fire  in  many  parts  of  the  basin  exceed  the  standards  of  good  land 
management.  Recovery  from  the  destructive  effect  of  fire  is  slow  and 
in  some  cases  takes  decades.  Repeated  fires  have  resulted  in  losses 
of  timber,  ground  cover,  and  the  soil’s  productive  capacity. 
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Recommended  research. — The  research  program  will  be  directed  to 
finding  ways  of  reducing  losses,  through  the  development  of  better 
principles  and  tactics  in  fire  control,  improvements  in  fire-fighting 
equipment,  and  more  accurate  predictions  of  fire  weathei. 

Forest  products 

A considerable  proportion  of  the  present  timber  supply  is  made  up 
of  species  which  have  little  demand  or  commercial  value.  Most  of 
the  remaining  hardwood  forests  are  composed  of  small  trees  of  low 
quality.  Meanwhile,  some  of  the  virgin  pine  and  fir  stands  in  the 
Rocky  Mountains  remain  untouched  because  of  inaccessibility.  The 
problem  of  waste  is  present  not  only  in  logging  practices,  but  also  in 
the  manufacture  of  timber  and  other  wood  products. 

Recommended  research. — The  research  program  will  be  directed 
toward  such  solutions  as  the  development  of  new  and  better  ways  of 
using  wood,  especially  the  less  desirable  species,  and  improved  tech- 
niques in  cutting  timber  to  reduce  waste. 

Forest  economics 

Too  little  attention  has  been  given  so  far  to  analyzing  the  benefits 
to  be  derived  from  the  forest  resources.  Further  economic  data  are 
needed  in  evaluating  possible  contributions  of  the  recommended 
forestry  measures  to  the  agricultural  and  industrial  economy  of  the 
basin. 

Recommended  research. — The  research  program  will  be  directed  to 
the  development  of  a comprehensive  inventory  of  timber,  range,  and 
upstream  water  resources,  to  studies  of  use-owner-tenure  relations, 
and  to  studies  of  markets  for  forest  products  and  of  marketing 
problems. 


REDUCTION  OF  WATER  RUN-OFF  AND  SEDIMENT 

Effect  of  land-use  and  farming  practices  on  water  run-off 

A great  deal  of  information  obtained  from  plot  experiments  em- 
phasizes the  seriousness  of  the  losses  of  both  soil  and  water  from  agri- 
cultural lands  and  indicates  generally  the  effects  of  land  use  on  run-off, 
erosion,  ground  water,  and  floods.  But  these  small-plot  experiments 
do  not  reveal  the  performance  of  natural  watersheds  and  field  areas. 
Research  at  the  hydrologic  experiment  station  at  Hastings,  Nebr., 
provides  information  on  watershed  performance  applicable  to  the 
Great  Plains  of  south  central  Nebraska  and  north  central  Kansas. 
However,  the  information  being  obtained  there  will  not  be  directly 
applicable  to  the  many  other  conditions  throughout  the  basin. 

Reliable  information  on  the  run-off  characteristics  of  small  agri- 
cultural watersheds  in  the  Missouri  Basin,  ranging  from  100  acres  up 
to  15,000  acres,  is  practically  nonexistent.  The  United  States  Geo- 
logical Survey  has  information  on  the  amounts  of  run-off  from  large 
watersheds,  but  experience  indicates  that  such  data  are  not  applicable 
to  the  small  watersheds  usually  involved  in  a soil-  and  water-conser- 
vation program.  Thus,  there  is  need  to  obtain  more  information  on 
the  run-off  characteristics  of  the  intermediate-sized  watersheds. 
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Recommended  research. — In  addition  to  the  hydrologic  experiment 
station,  including  watersheds  from  3 acres  to  3,500  acres,  at  Hastings 
in  the  Republican  River  watershed,  three  or  more  similar  stations  are 
proposed  at  other  locations  in  the  basin.  These  will  represent  differ- 
ent soil,  topographic,  and  climatic  conditions.  By  means  of  water- 
stage  recorders  and  rain  gages,  the  relation  between  rainfall  and  run-off 
for  various  watershed  and  land-use  conditions  will  be  ascertained. 
Studies  will  be  made  of  the  gains  and  losses  in  water  after  it  has  left 
the  field,  pasture,  range,  and  forest  and  entered  the  channel  system. 
The  amount  of  water  absorbed  or  impounded  on  the  flood  plain,  the 
amount  gained  from  contributing  ground  water,  and  the  resulting 
effect  on  total  stream  flow  will  be  determined.  In  addition,  gaging 
stations  on  typical  watersheds,  ranging  in  size  from  100  to  15,000 
acres,  are  proposed  to  learn  the  relationships  between  rates  and  amounts 
of  run-off  and  size  of  the  watershed.  Existing  culverts  and  bridge 
openings  will  be  used,  where  possible,  to  reduce  the  cost. 

Control  oj  reservoir  silting  by  watershed  treatment 

Silting  is  one  of  the  major  problems  in  planning  and  maintaining 
storage  reservoirs  in  the  Missouri  Basin.  Data  mainly  from  the 
Corps  of  Engineers  and  the  Bureau  of  Reclamation  give  evidence  that 
under  existing  land-use  conditions  the  average  annual  loss  in  reservoir 
storage  from  silting  exceeds  250,000  acre-feet.  At  the  present  cost 
of  reservoir  storage,  this  represents  an  annual  loss  of  about  $6,000,000. 
This  fails  to  reflect  the  full  loss  as  most  of  these  reservoirs  cannot  be 
replaced.  As  the  only  available  sites  are  called  into  use  in  many 
parts  of  the  basin,  lost  storage  means  a gradual  decline  in  irrigation, 
power,  and  other  values.  More  needs  to  be  known  about  the  erosion 
of  different  soils,  its  production  of  sediment,  and  its  influence  on  useful 
life  of  reservoirs. 

Recommended  research. — Useful  research  will  be  directed  at  long- 
term sediment-production  indexes  for  all  important  physical  land  units 
and  subbasins.  Techniques  and  field  methods  for  determining  the 
sources  of  damaging  sediment  within  subbasins  will  be  studied.  The 
effectiveness  of  land  uses  and  conservation  practices  on  sedimentation 
is  an  essential  field  of  investigation  which  involves  surveys  of  run-off, 
sediment-load,  small  reservoirs,  and  stock  ponds  in  subwatersheds. 

Channel  stabilization  and  control  oj  sediment  movement 

A large  part  of  present-day  flood  damages  to  farm  land,  roads,  struc- 
tures, and  irrigation  projects  result  from  severe  erosion  of  channel 
beds  and  banks  in  some  sections  and  rapid  silting  in  others. 

Silting  is  rapidly  diminishing  the  capacity  of  canals  in  many  irriga- 
tion projects  and  exhausting  reservoir  storage.  Stream  channels  and 
natural  waterways  cannot  quickly  revert  to  their  original  condition 
even  under  a program  of  good  land  use.  They  must,  in  some  instances, 
receive  specific  protection  and  stabilization  to  reduce  the  excessive 
damages  they  now  suffer.  The  need  for  protection  is  not  confined  to 
main  streams  but  extends  into  countless  smaller  tributaries,  irrigation 
diversions,  and  other  waterways.  Many  millions  of  dollars  have  been 
spent  for  the  stabilization  of  channels  and  flood-control  works  in  the 
basin,  but  experience  shows  that  many  measures  are  too  expensive  or 
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uncertain  in  results  to  be  widely  adopted  until  further  study  has  been 
made. 

Recommended  research —A.  thorough  review  of  all  the  methods 
which  have  been  used  for  the  stabilization  of  channels  is  required. 
Research  will  be  directed  at  the  amount  of  sediment  from  channel- 
bank  erosion  on  small  to  moderate-sized  streams  and  the  damage 
these  deposits  do  to  farmland,  roads,  and  other  structures.  The 
types  of  structures  effective  in  holding  channels  in  their  courses  with 
least  cost  and  with  least  chance  for  meandering  and  future  cutting 
need  investigation. 

How  flowing  water  moves  sediment 

More  knowledge  of  the  basic  mechanics  of  the  movement  of  sediment 
by  water  is  needed.  Attempts  to  solve  the  problem  during  the  last 
half-century  have  been  based  largely  upon  inadequate  trial-and-error 
methods.  Progress  in  controlling  sediment-laden  flows  and  in  the 
general  field  of  erosion  control  can  take  place  only  with  a clear  under- 
standing of  the  laws  of  sediment  transportation. 

Recommended  research. — The  basic  mechanics  of  sediment  movement 
will  be  studied.  This  includes  the  relationship  between  the  amount 
of  material  suspended  and  the  shape  of  the  channel  cross-section  as 
well  as  the  roughness  of  the  bed,  banks  and  walls.  The  United  States 
Department  of  Agriculture  will  collaborate  with  outside  research 
agencies  which  likewise  are  interested  in  this  problem. 

Evaluation  of  benefits  from  reduction  in  flood  and  sediment  damage 

Improved  standards  and  methods  for  the  economic  evaluation  of 
measures  designed  to  slow  down  reservoir  siltation  are  needed.  Silt- 
ing cannot  be  stopped  completely,  but  the  rate  can  be  reduced  and  the 
useful  life  of  reservoirs  thus  extended.  The  benefits  of  longer  useful- 
ness in  reservoirs  will  indicate  the  justifiable  costs  which  can  be 
incurred  to  accomplish  this  result  alone. 

Swamping,  sediment  deposition,  stream-bank  erosion,  and  gully 
formation  constitute  a major  share  of  the  preventable  land  damages. 
Improved  methods  for  the  economic  evaluation  of  the  benefits  from 
preventing  such  damage  need  to  be  developed. 

Recommended  research. — Studies  will  provide  information  on  the 
rate  at  which  the  economic  life  of  reservoirs  is  likely  to  be  reduced, 
on  replacement  possibilities  and  costs,  and  on  changing  costs  of  pro- 
posed structures  under  varying  conditions  of  siltation.  For  land 
subject  to  damage  economic  studies  will  include  the  productivity  of 
such  land,  the  share  of  the  income  attributable  to  the  land,  the  years 
of  usefulness  added  by  watershed  treatment  and  flood-control  meas- 
ures, costs  of  reclamation  for  agricultural  uses,  and  the  rate  of  deteri- 
oration on  lands  subject  to  such  damages. 

IRRIGATION  DEVELOPMENT 

Snow  surveys  and  water-supply  forecasts 

Snow  surveys  of  very  general  coverage  now  exist  on  most  major 
tributaries  of  the  Missouri  River.  Snow-survey  records  in  the  basin 
date  from  1919,  but  observations  at  90  percent  of  the  existing  snow 
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courses  began  after  1935.  These  surveys  provide  a general  guide  to 
the  expected  annual  water  supply  for  the  larger  reservoirs,  areas  of 
irrigated  land,  and  some  established  hydroelectric-power-generating 
stations. 

Extension  of  the  snow-survey  network  is  needed  to  assure  more 
detailed  and  reliable  forecasts  of  stream  flow  to  existing  projects  and 
to  smaller  substream  basins.  Snow  records  are  particularly  needed 
from  less  accessible  mountain  areas  which  can  now  be  reached  with 
the  available  mechanized  equipment. 

Individual  farmers  and  groups  of  farmers  organized  in  irrigation 
and  other  districts  need  forecasts  of  water  supply  to  help  in  planning 
land  and  water  use  and  cropping  programs  on  lands  of  all  kinds,  from 
the  headwaters  meadow  or  hay  lands  to  the  croplands  of  major  valleys 
below. 

An  extended  snow-survey  network  is  also  required  for  detailed  and 
reliable  forecasts  of  streamflow  for  water  control  and  water-use  pro- 
jects not  yet  constructed.  At  least  10  seasons  of  records  on  snow 
courses  are  essential  to  provide  a reliable  index  to  stream  flow.  There- 
fore, it  is  important  that  snow  surveys  be  initiated  several  years  before 
the  construction  of  such  water-control  or  water-use  units. 

Recommended  research. — These  needs  can  be  satisfied  in  a large 
degree  by  expanding  the  existing  snow-survey  network  to  all  individual 
basins  and  sub-basins  in  Colorado,  Montana,  South  Dakota,  and 
Wyoming.  Surveys  will  be  made  monthly  beginning  January  1 and 
ending  May  1,  as  needed,  to  establish  the  snow-cover  run-off  relations 
for  the  unit  areas.  Wherever  possible,  snow  surveys  will  be  mecha- 
nized. 

Planning  the  extended  network  will  first  require  analyses,  by  sub- 
basins, of  existing  show-survey  records  to  learn  the  degree  of  correla- 
tion each  year  between  measured  snow  cover  and  resultant  stream 
flow.  As  these  analyses  go  forward,  less  time  and  money  will  be 
required  for  planning  the  network,  but  equivalent  amounts  will  be 
needed  to  install  the  snow  courses.  The  project,  for  the  most  part, 
will  pass  from  planning  to  operation  within  3 or  4 years. 

Water,  soil,  and  plant  relationships  in  crop  production  on  irrigated  lands 

The  introduction  of  irrigation  into  the  central  and  eastern  part  of 
the  Missouri  Basin  will  create  problems  that  have  not  been  encoun- 
tered in  other  irrigation  projects  in  the  United  States.  Until  now, 
most  of  the  irrigation  has  been  confined  to  soils  in  arid  and  semiarid 
climates.  Land  leveling  always  impairs  productivity,  at  least  tem- 
porarily, where  the  topsoil  is  removed,  but  leveling  does  not  impair 
many  desert  and  alluvial  soils  as  seriously  as  it  will  many  of  the 
strongly  developed  soils  of  the  basin,  where  irrigation  is  not  now 
generally  practiced.  Furthermore,  much  of  the  proposed  irrigation  is 
in  glaciated  areas  which  have  irregular  topography,  where  the  dis- 
tribution of  water  and  drainage  is  difficult  and  where  salt-bearing 
substrata  lie  at  varying  depths. 

Most  of  the  central  and  eastern  parts  of  the  basin  are  in  a climate 
in  which,  in  many  years,  enough  rain  falls  during  the  growing  season 
to  produce  fair  yields  without  irrigation.  In  such  a climate,  only 
part  of  the  water  required  for  plant  growth  will  be  supplied  by  irriga- 
tion because  rainfall  provides  much  of  the  needed  moisture.  Alternate 
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wetting  of  soils  with  irrigation  water  containing  certain  salts  and  with 
salt-free  rain  water  will  cause  poor  soil  tilth  and  reduce  the  rate  of 
water  infiltration  and  may  so  greatly  reduce  permeability  that  internal 
drainage  will  become  impracticable.  Studies  are  needed  in  regard  to 
the  amount  of  water  required  for  irrigation  and  the  times  when  water 
should  be  applied  under  these  conditions. 

In  many  places,  rolling  topography  and  thin  soils  make  leveling 
impracticable.  Furrows  and  graded  borders  are  hazardous  because 
rains  of  high  intensity  may  come  at  any  time.  New  methods  of 
applying  water,  including  sprinklers,  will  have  to  be  investigated  and 
existing  methods  modified  to  meet  the  conditions  prevailing  in  the 
areas  proposed  for  irrigation. 

Many  soils  proposed  for  irrigation  are  not  naturally  well  drained. 
Adding  many  inches  of  water  each  year  to  the  natural  rainfall  will 
overtax  the  natural  drainage,  and  waterlogging  and  alkali  accumula- 
tion will  result.  This  will  be  true  both  on  rolling  lands,  where  the 
natural  depressions  will  fill  with  water,  and  on  the  extensive  flat 
reaches  where  surface  drainage  is  already  a problem. 

Some  surface  and  ground  waters  contain  excessive  quantities  of 
salts.  For  this  reason,  the  problem  of  water  quality  is  extremely 
important  in  avoiding  saline  and  alkali  soil  conditions.  Adequate 
drainage  is  required  to  prevent  the  accumulation  of  salt  and  to  reclaim 
saline  areas.  Handling  saline  and  alkali  conditions  is  made  difficult 
by  impermeable  subsoils  and  difficult  drainage  conditions  and  by  the 
salts  in  some  of  the  underlying  geological  materials,  such  as  the  Pierre 
shale  and  many  of  the  glacial  deposits. 

The  best  cropping  systems  and  soil-management  practices  to  use  on 
many  of  the  proposed  irrigation  projects  are  not  known.  Irrigators 
cannot  afford  to  use  costly  trial  and  error  methods  to  find  the  best 
cropping  systems  and  soil  management  practices.  They  need  this 
information  beforehand,  thus  shortening  and  easing  adjustment  to 
irrigation  farming.  Relatively  little  research  has  been  done  on  soil- 
management  problems  under  irrigation  in  subhumid  areas. 

Recommended  research. — Plot  and  field  research  is  needed  to  learn 
with  accuracy  the  requirements  in  regard  to  irrigation  water,  best 
methods  of  irrigation  and  water  application,  the  drainage,  soil  mois- 
ture, and  fertility  relationships,  best  soil  management  and  cultural 
practices,  and  crop  adaptation.  The  field  investigations  will  be  car- 
ried out  mostly  on  “development  farms”  with  a gradual  increase  in 
cooperative  experiments  on  typical  farms  in  different  areas.  On  these 
development  farms,  sufficient  acreage  will  be  available  for  representa- 
tive farm-unit  operation,  thus  serving  as  a farm-sized  demonstration 
of  the  basic  principles  and  relationships  developed  in  the  research 
program  as  well  as  furnishing  an  opportunity  to  work  out  on  a field 
scale  the  application  of  the  results  of  research.  This  field  program 
will  be  supported  by  intensive  laboratory  research. 

Economic  'problems 

Market  outlets  for  products  grown  under  irrigation 

Prospective  increases  in  production  in  the  Missouri  Basin,  even 
though  they  are  spread  over  many  years,  require  careful  planning  to 
assure  the  development  of  adequate  marketing  facilities  as  well  as  to 
integrate  the  production,  especially  fromfnewly  irrigated  lands,  into 
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the  national  supply  of  farm  products.  Research  is  needed  on  poten- 
tial market  outlets,  market  development,  and  marketing  facilities. 

Recommended  research. — Research  will  include  a careful  appraisal 
of  market  prospects  and  market  facilities  for  various  crops.  Studies 
of  needed  storage  and  warehouse  facilities,  modern  and  low-cost  proc- 
essing facilities,  and  adequate  transportation  facilities  will  be  made  to 
aid  producers  and  marketing  agencies  in  performing  the  task  of 
moving  their  products  to  consumers  at  the  lowest  cost  consistent  with 
high  quality.  The  varying  effect  of  potential  increases  and  decreases 
in  the  production  of  commodities  under  authorized  Government  loan 
and  support  programs  will  be  analyzed  in  order  to  help  farmers 
balance  their  output  in  keeping  with  production  programs. 

Development  and  settlement  oj  irrigated  land 

A large  number  of  farmers  will  change  their  operations  from  exten- 
sive dry-land  farming  to  intensive  production  under  irrigation.  Many 
farms  will  be  subdivided  and  excess  lands  will  be  sold  for  new  farms. 
As  development  of  land  for  irrigation  is  costly,  it  should  be  planned 
and  carried  out  to  reduce  both  the  original  cost  and  subsequent 
operating  costs.  Land  costs,  development  costs,  and  water  charges 
must  be  kept  within  the  ability  of  long-term  earnings  and  repay- 
ment possibilities.  In  many  areas,  farm  and  nonfarm  population 
will  be  increased. 

Recommended  research. — Research  will  include  investigations  of 
farm  development  costs  and  the  economy  of  rapid  development  as 
compared  with  the  usual  slow  development  over  a period  of  years. 
Similar  studies  will  be  directed  at  alternative  repayment  arrangements, 
the  relative  advantage  of  various  alternative  areas  for  irrigation,  costs 
and  returns  from  different  methods  of  applying  irrigation  water,  and 
the  extended  benefits  of  irrigation  in  population  increases,  industrial 
growth,  increased  business  activity,  and  public  services.  The  means 
of  obtaining  maximum  stability  for  farmers,  agricultural  production, 
and  local  government  and  institutions,  and  appropriate  leasing  and 
tenure  arrangements  for  irrigated  farms  will  be  studied. 

Sizes  and  types  of  farms  likely  to  succeed  under  irrigation 

The  subhumid  areas,  where  most  of  the  irrigation  development  is 
proposed,  are  already  being  farmed  in  large  units  with  mechanized 
equipment.  Irrigable  acreage  in  these  areas  is  interspersed  with  and 
surrounded  by  nonirrigable  acreage  which  will  continue  to  be  farmed 
without  irrigation.  If  irrigated  farming  is  to  succeed  in  such  areas  it 
must  be  developed  in  sizes  and  types  of  farms  which  will  enable  farmers 
to  pay  development  and  operating  costs,  integrate  irrigated  and  dry- 
land farming  in  the  same  operating  unit,  and  utilize  as  far  as  possible 
the  equipment  and  facilities  already  in  the  areas.  Experience  in  irri- 
gation farming  in  the  arid  and  semiarid  areas  cannot  be  applied  in 
such  areas. 

Recommended  research. — In  order  to  determine  the  sizes  and  types 
of  farms  most  likely  to  succeed  in  the  areas  to  be  irrigated,  the  income 
expectancies  of  such  farms  and  the  farm  practices  and  uses  of  water 
adapted  to  each  area  will  be  studied  in  three  distinct  phases  of  research. 
The  first  is  an  appraisal  of  the  current  pattern  of  agriculture  in  the 
areas  to  be  irrigated,  including  a determination  of  sizes  and  types  of 
farms,  the  amount  and  productivity  of  both  irrigable  and  nonirrigable 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


147 


acreage  in  each,  dry-land  yield  expectancies,  and  the  availability  of 
buildings,  livestock,  and  equipment  adapted  to  irrigated  farming. 
Accompanying  it  will  be  an  appraisal  of  irrigated  farm  investments, 
practices,  labor  requirements,  and  yield,  income,  and  cost  expectancies 
by  size  and  organization  of  farm  and  by  soil  groups.  These  data  are 
needed  from  established  irrigated  areas  with  physical  and  climatic 
characteristics  as  nearly  as  possible  like  those  of  the  areas  to  be  devel- 
oped and  from  all  other  available  sources  which  will  throw  additional 
light  on  irrigation's  problems  and  probable  responses  in  the  areas  to  be 
developed.  The  third  phase  will  be  an  interpretation  of  the  assembled 
data  in  order  to  provide  for  each  of  the  major  soil  groups  in  the  devel- 
opment areas  the  best  obtainable  estimates  of  the  yield,  cost,  and  in- 
come expectancies  and  the  investment  and  labor  requirements  for 
various  sizes  and  types  of  farms. 

Agricultural  output  and  prices  under  irrigation 

Although  approximately  5,000,000  acres  are  now  irrigated  in  the 
basin,  only  very  limited  data  are  available  on  acreage,  production,  and 
yield  of  crops  on  irrigated  and  nonirrigated  land  separately.  Like- 
wise, little  information  is  available  on  livestock  numbers  in  irrigated 
areas.  Cropping  and  livestock  management  problems  and  recom- 
mended practices  are  entirely  different  in  and  for  irrigated  and  dry 
farming.  The  benefits  from  irrigation  development  can  be  measured 
only  by  reliable  statistics  on  crops  grown  under  irrigation. 

The  relationships  between  irrigation  contract  payments  and  farmers' 
ability  to  repay  and  between  credit  repayments  and  ability  to  pay 
have  varied  because  of  fluctuating  farm  incomes.  Part  of  this  fluctua- 
tion in  income  is  due  to  changes  in  prices  farmers  receive  for  their 
products  and  to  changes  in  prices  they  pay  for  living  and  production 
items.  Prices  received  and  prices  paid  by  farmers  and  ranchers  in  the 
irrigated  areas  of  the  basin  are  not  covered  by  any  State  index  now  in 
existence.  The  construction  of  such  indexes  is  a prerequisite  to  the 
development  of  a sound  plan  for  annual  variations  in  irrigation  or 
credit  repayments. 

Recommended  research . — These  data  are  needed  early  in  the  develop- 
ment program.  Basic  information  will  be  collected  and  estimates  will 
be  prepared  for  acreage,  production,  and  yield  of  various  crops  grown 
on  irrigated  and  nonirrigated  land.  County  estimates  of  livestock 
numbers  will  be  improved  to  permit  developing  livestock  statistics  for 
the  irrigated  areas  in  the  Missouri  Basin.  Indexes  will  be  prepared  for 
prices  received  and  prices  paid  for  irrigated  areas  of  each  State. 
Existing  data  will  be  buttressed  by  local  records  and  surveys.  Price 
indexes  for  irrigated  areas  will  begin  with  1937  and  will  continue 
monthly,  thus  providing  a price  series  for  immediate  use. 

Capital  requirements  and  credit  for  irrigated  farms 

The  shift  to  irrigation  will  require  large  amounts  of  capital  on  many 
individual  farms.  There  will  be  a heavy  capital  requirement  for 
the  purchase  of  land  in  many  cases.  Frequently  large  outlays  will  be 
needed  for  leveling  and  adapting  the  individual  farm  for  use  of  irriga- 
tion water.  New  and  renovated  farm  buildings  and  homes  will  be 
required  and  heavy  expenditures  will  be  needed  for  machinery  and 
livestock.  In  addition,  there  may  be  fairly  high  costs  in  taxes  to  pay 
for  the  community  facilities  that  are  involved  in  an  irrigation  project. 
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These  requirements  will  be  much  greater  than  the  average  farmer  is 
likely  to  be  able  to  meet  without  credit.  In  the  past,  credit  facilities 
have  not  been  adequate  to  finance  these  total  capital  needs.  The 
result  has  been,  in  many  instances,  that  full-scale  farm  operation  and 
full  income  were  only  realized  after  years  of  sacrifice  and  distress  for 
the  farmer  and  his  family. 

Recommended  research. — To  facilitate  development,  studies  will  be 
made  of  such  problems  as  more  accurate  determination  of  the  capital 
requirements  of  farmers  and  ranchers,  reexamination  of  the  basis  upon 
which  the  developments  proposed  in  this  report  can  be  financed 
soundly,  and  determination  of  what  modifications  of  credit  facilities, 
if  any,  may  be  needed  to  assure  adequate  credit  service. 

DRAINAGE  DEVELOPMENT 

Drainage  requirements  in  relation  to  soil  types  and  land  use 

In  the  eastern  part  of  the  Missouri  Basin,  large  areas  of  compara- 
tively flat  land,  shallow  sloughs,  and  stream  bottoms  require  artificial 
drainage  before  they  can  be  cultivated  to  the  best  advantage.  Some 
areas  have  heavy  or  claypan  subsoils  which  increase  the  difficulty  of 
drainage.  In  the  Great  Plains,  during  years  of  average  or  above- 
average  spring  rainfall,  crops  frequently  cannot  be  planted  in  time  to 
mature  before  frost.  The  problem  is  to  determine  drainage  require- 
ments under  a wide  range  of  soils,  climate,  and  land  use  and  to  develop 
effective  methods  of  drainage  under  such  conditions. 

Recommended  research. — The  research  will  undertake  to  determine 
the  type  of  drainage  needed  for  different  types  of  land,  such  as  light 
prairie  soils,  heavy  bottom  lands,  and  uneven  topography  in  nearly 
level  areas  of  the  Great  Plains.  The  feasibility  of  surface  and  under- 
drains for  different  localities  will  be  studied  along  with  the  spacing  and 
size  of  tile  drains.  The  relation  of  land  use  to  the  system  of  drainage 
is  another  general  field  of  research. 

Economic  problems  of  drainage  development 

Many  drainage  enterprises  have  encountered  economic  difficulties  in 
the  past.  In  some  cases,  farm  land  has  been  foreclosed  to  satisfy 
bondholders.  More  often  areas  have  experienced  general  financial 
distress  which  results  in  a poor  credit  rating  for  the  farms  in  the  enter- 
prise. As  levees  for  flood  protection  are  installed  along  the  main 
rivers,  local  drainage  districts  will  face  new  problems. 

Recommended  research. — Economic  studies  will  be  made  of  drainage 
methods,  types  of  organization,  types  of  land  involved,  costs  and 
returns,  and  methods  of  repayment. 

RESEARCH  OF  IMPORTANCE  TO  ENTIRE  PROGRAM 

Weather-tolerant  plants 

The  development  of  land  resources  in  the  Missouri  Basin  may  be 
helped  as  much  by  growing  the  right  kinds  of  plants  as  by  irrigation 
and  flood  control.  Unfavorable  aspects  of  weather  may  be  the  princi- 
pal cause  of  reduced  yields  and  crop  failures  on  irrigated  land  as  well  as 
nonirrigated.  During  the  10  years  prior  to  1939,  an  average  of 
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14,000,000  acres  of  wheat  was  abandoned  each  year  because  of  drought 
and  high  temperatures.  Winter-killing  limits  winter  wheat  mostly  to 
the  southern  half  of  the  basin  and  in  some  years  causes  heavy  losses 
even  there.  Every  year,  crops  are  damaged  by  shortage  of  water, 
high  temperatures,  low  temperatures,  and  wind.  Furthermore,  some 
insect  pests  and  plant  diseases  are  worse  under  certain  conditions  of 
weather. 

Farmers,  as  well  as  scientists,  have  known  for  a long  time  that  some 
plant  varieties  are  more  resistant  to  extremes  of  temperature,  moisture, 
and  wind  and  to  diseases  and  insects.  Much  of  the  plant-breeding 
and  selection  work  has  been  directed  toward  getting  resistant 
varieties.  Without  that  research,  some  important  crops  now  grown 
probably  would  have  disappeared  from  the  basin  long  ago. 

The  farmers  of  the  basin  need  crop  varieties  more  resistant  to 
drought,  high  temperatures,  strong  winds,  insects,  and  diseases. 
Farmers  in  irrigation  projects  also  need  varieties  of  high-value  crops 
most  resistant  to  weather  hazards.  In  the  drier  parts,  more  suitable 
legumes  are  needed. 

Recommended  research. — A central  laboratory  is  recommended,  in- 
cluding greenhouses  and  controlled  temperature,  light,  and  humidity 
chambers,  where  plants  can  be  subjected  to  artificially  produced  con- 
ditions of  weather  and  soil.  Here  will  be  studied  the  histology,  physi- 
ology, and  chemical  composition  of  plants  of  different  species  and 
varieties  to  determine  what  characteristics  are  responsible  for  differ- 
ences in  tolerance  to  unfavorable  conditions,  the  factors  that  favor 
disease-producing  organisms,  techniques  for  ascertaining  the  resist- 
ance to  unfavorable  conditions,  the  interrelations  between  tolerance 
of  varieties  to  different  environmental  conditions;  for  example,  be- 
tween resistance  to  high  temperature  and  deficient  soil  moisture. 
The  research  will  be  directed  at  the  effects  of  temperature,  sunlight, 
and  other  factors  involved  in  acclimating  plants,  the  resistance  of 
species  and  varieties  of  domestic  and  foreign  origin  to  high  and  low 
temperatures  at  different  stages  of  growth,  and  the  ability  of  species 
and  varieties  to  grow  at  low  temperatures  for  winter  grazing.  The 
results  and  the  material  tested  in  the  laboratory  will  be  used  by  State 
agricultural  experiment  stations  in  their  programs  of  plant  breeding 
and  field  trials. 

Insect  control 

Insects  cause  much  damage  to  farm  crops  and  grasses  in  the  Missouri 
Basin  and  to  some  extent  encourage  wind  and  water  erosion.  Grass- 
hoppers and  other  pests  sometimes  greatly  lower  the  yields  and  conse- 
quently the  farm  income.  Other  insects  reduce  the  profits  on  ranches 
by  their  attacks  on  livestock.  Moreover,  insects  are  one  of  the  im- 
portant reasons  why  development  and  maintenance  of  forests  is  diffi- 
cult in  the  basin.  From  time  to  time  attacks  of  the  mountain  pine 
beetle,  the  Black  Hills  beetle,  the  spruce-bark  beetle,  and  the  spruce 
budworm  cause  extensive  kills  in  the  forests  of  pine,  fir,  and  spruce. 

The  irrigation  and  cropping  of  extensive  areas  have  always  caused 
new  insect  problems  and  intensified  existing  ones.  If  more  effective 
means  of  dealing  with  several  of  these  pests  are  not  developed  and 
known  methods  of  fighting  others  are  not  adapted  to  the  conditions 
prevailing  in  the  areas,  heavy  losses  may  be  expected.  The  basic 
cause  of  severe  outbreaks  of  insects  is  not  well  understood. 


150 


MISSOURI  RIVER  BASIN  AGRICULTURAL  PROGRAM 


One  of  the  foreseeable  needs  in  the  development  of  new  irrigated 
areas  is  an  adequate  supply  of  pollinating  insects. 

Recommended  research. — Insect  research  laboratories  are  recom- 
mended at  three  or  four  strategic  locations.  Each  will  be  supple- 
mented by  outlying  experimental  work  on  methods  of  controlling 
harmful  insects  and  utilizing  beneficial  ones.  Research  will  be  de- 
signed to  discover  the  causes  of  periodic  outbreaks  of  insects.  Ways 
of  eliminating  mosquito-breeding  conditions  in  impounded  water  and 
in  irrigation  and  drainage  systems  will  be  studied. 

Farm  machinery 

New  types  of  farm  machinery  are  needed  to  apply  soil  and  water 
conservation  practices  and  attain  increased  production  on  irrigated 
and  nonirrigated  lands  in  the  basin.  Widely  varying  climatic  and 
soil  conditions  will  require  different  types  of  equipment.  Some  imple- 
ments have  been  invented  or  adapted  that  are  particularly  useful 
under  Missouri  Basin  conditions.  For  example,  experimental  work 
done  with  equipment  for  use  in  stubble-mulch  farming  has  resulted 
in  the  development  of  several  types  of  machines  superior  to  those  pre- 
viously used.  However,  more  study  is  needed  to  determine  the  vari- 
ous kinds  of  implements  necessary  for  the  many  different  cultural 
problems  encountered  in  the  basin. 

Recommended  research. — This  problem  will  be  studied  at  a central 
laboratory  established  at  one  of  the  agricultural  experiment  stations 
in  the  basin.  Fundamental  studies  of  the  design  and  experimental 
construction  of  machines  for  the  different  cultural  problems  can  best 
be  made  at  the  central  laboratory.  The  laboratory  will  cooperate 
with  each  of  the  States  in  testing  the  equipment  under  local  conditions. 

Farm-methods  engineering  for  efficiency  in  use  of  labor  and  power 

Prospective  changes  in  farm  enterprises  and  operations  will  increase 
demands  for  building  and  farmstead  plans,  improved  eauipment,  and 
operating  methods  which  will  permit  a more  effective  use  of  labor, 
electrical  and  other  power,  construction  materials,  and  other  resources 
available  to  farm  families.  From  20  to  80  percent  of  all  farm  labor 
is  used  on  the  farmstead,  depending  upon  the  type  of  farming.  Sur- 
veys and  limited  research  indicate  that  more  efficient  use  of  labor  on 
the  farmstead  can  be  obtained  by  the  orderly  development  of  efficient 
combinations  of  power,  equipment,  and  buildings.  The  wide  accept- 
ance of  rural  electrification  provides  a challenge  to  use  this  newly 
available,  versatile  form  of  power  to  the  greatest  advantage  on  the 
farmstead  and  in  farm  operations. 

Recommended  research. — Basic  investigations,  field  studies,  and 
pilot  operations  will  be  devoted  to  the  varied  aspects  of  farm  engineer- 
ing. The  functional  and  design  requirements  of  farmsteads  will  be 
analyzed,  taking  into  account  size  of  farm,  diversity  of  enterprises, 
and  available  markets.  The  research  will  appraise  the  basic  require- 
ments for  structures  and  equipment  directed  toward  improved  systems 
of  production  from  crop  to  livestock  to  market  and  the  most  effective 
equipment  for  handling,  conditioning,  and  storing  feed  crops  and  prod- 
ucts on  the  farm  and  transporting  them  from  farmstead  to  market. 
Important  contributions  to  farm  living  will  come  from  research  which 
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will  study  the  improvement  of  farmstead  water-supply  and  waste- 
disposal  systems,  giving  consideration  to  irrigation  uses,  livestock 
requirements,  sanitation,  fire  protection,  and  human  convenience. 
The  effective  use  of  electrical  energy  on  the  farm,  in  proper  balance 
with  internal-combustion  engines  in  the  field  and  on  the  farmstead 
also  will  be  explored.  Other  research  will  be  directed  at  combinations 
of  engineering  techniques  which  will  enable  the  farmer  to  plan  his 
marketing  for  a definite  period,  to  market  at  his  convenience,  and  to 
market  products  of  the  highest  quality. 

ESTIMATED  COSTS 

The  program  outlined  above  is  in  addition  to  the  research  activities 
now  being  carried  out  in  the  basin  and  is  designed  to  meet  the  special 
problems  of  the  basin  development  program.  The  estimated  cost  of 
the  additional  program  of  research  and  investigations  set  out  in  the 
foregoing  is  shown  in  the  following  tables.  Table  31  shows  estimated 
Federal  cost  for  installation  of  research  facilities  and  for  operating  for 
a 10-year  period.  The  table  also  shows  the  break-down  of  estimated 
costs  between  the  various  classes  of  work  described  above.  The 
estimated  contributions  of  the  State  agricultural  experiment  stations 
are  shown  in  table  32.  The  amount  of  contribution  from  the  Depart- 
ment and  from  the  States  will  vary,  depending  on  the  particular  proj- 
ect. In  many  cases  work  done  at  one  location  will  be  useful  in  several 
States.  Maximum  use  will  be  made  of  joint  State-Federal  coopera- 
tion on  basin-wide  projects,  with  individual  States  or  the  Department 
contributing  more  to  one  than  another,  but  each  sharing  the  benefits 
from  all  the  research.  Research  primarily  for  the  purpose  of  im- 
proving the  management  and  use  of  Federal  lands  will  be  financed 
with  Federal  funds. 

The  estimates  encompass  research  of  high  priority  needed  to  meet 
the  problems  arising  with  the  initial  phases  of  the  development  pro- 
gram. In  addition  to  annual  adjustments  and  before  the  end  of  the 
first  10-year  period,  the  program  will  be  completely  reexamined  and 
reevaluated  in  order  to  meet  the  needs  of  the  second  10-year  period. 
After  the  completion  of  the  accelerated  research  program,  the  various 
activities  will  be  appraised  and  adjusted  to  a level  more  in  line  with 
the  maintenance  requirements  of  management  and  conservation  prac- 
tices of  the  basin. 

PROVISIONS  FOR  COOPERATION 

It  is  recommended  that  the  Secretary  of  Agriculture,  in  accordance 
with  such  regulations  as  he  deems  necessary  and  when  in  his  judgment 
the  work  to  be  performed  will  be  carried  out  more  effectively,  more 
rapidly,  or  at  less  cost  than  if  performed  by  the  Department  of  Agri- 
culture, be  authorized  to  enter  into  contracts  with  such  public  or  pri- 
vate organizations  of  individuals  as  he  may  find  qualified  to  carry  on 
work  under  this  program  without  regard  to  the  provisions  of  section 
3709,  Revised  Statutes,  and  with  respect  to  such  contracts  make  ad- 
vance progress  or  other  payments  without  regard  to  the  provisions  of 
section  3648,  Revised  Statutes.  Such  contracts  may  be  made  for 
work  to  continue  not  more  than  4 years  from  the  date  of  any  such 
contract.  Notwithstanding  the  provisions  of  section  5 of  the  act  of 
June  20,  1874,  as  amended  (31  U.  S.  C.  713),  any  unexpended  balances 
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of  appropriations  properly  obligated  by  contracting  with  an  organiza- 
tion or  individual  for  carrying  out  any  part  of  his  program  may  remain 
upon  the  books  of  the  Treasury  for  not  more  than  five  fiscal  years  be- 
fore being  carried  to  the  surplus  fund  and  covered  into  the  Treasury. 

It  is  further  recommended  that  the  Secretary  be  authorized  to  allot 
funds  to  cooperating  State  agencies  in  such  amounts  and  under  such 
conditions  as  he  deems  appropriate  and  necessary  to  carry  out  the 
investigations  and  research  outlined  in  this  report  in  such  a way  as  to 
most  effectively  support  the  action  phases  of  the  recommended  pro- 
gram. It  is  contemplated  that,  to  the  extent  feasible,  the  program  of 
research  other  than  that  for  the  primary  purpose  of  improving  the 
management  and  use  of  Federal  lands  will  be  accomplished  by  the 
existing  State  agencies  with  funds  allotted  under  this  authority. 

Table  31. — Estimated  Federal  cost  of  accelerated  agricultural  research  program, 

Missouri  River  Basin  1 


[Thousands  of  dollars] 


Cost  of  in- 
stallation 

Average 
annual  oper- 
ating cost, 
first  5 years 

Total  instal- 
lation and 
operating 
cost,  10  years 

Conservation  and  management  of  farm  and  ranch  land: 

233 

632 

6, 946 
1,092 
1,085 
1,125 

250 

70 

Forage  utilization  ..7  ______ __  - _ . . 

245 

53 

Economic  research ________  ____  

130 

Subtotal -----  ------  - .- 

728 

885 

10, 248 

Forest  and  range  research: 

W atershed  management 

950 

340 

4,350 
4, 150 
3,600 
1,700 
1,700 
2,300 

Foiest  management..  - - 

950 

320 

Range  management  ..  

600 

300 

Fire  control  - . 

170 

Forest  products  

170 

Forest  economics -------  

260 

Subtotal 

2,500 

1,560 

17,800 

Reduction  of  water  run-off  and  sediment: 

Effect  of  land  use  on  run-off  and  erosion  

120 

80 

920 

Control  of  reservoir  silting --------- 

14 

69 

704 

Channel  stability  and  sediment  movement  _ 

13 

66 

673 

Mechanics  of  sediment  transportation  . . . _ . 

67 

50 

567 

Evaluation  of  benefits  

30 

250 

Subtotal 

214 

295 

3,114 

Irrigation  development: 

Snow  surveys  and  water-supply  forecasts. 

100 

105 

1,150 
7, 258 
2,  650 
2,020 

Water,  soil,  and  plant  relationships  . _ . 

269 

695 

Economic  problems . „ 

312 

Statistics  on  irrigated  land-.  .. 

244 

Subtotal  ..  - . . . .... 

369 

1,356 

13,078 

Drainage  development: 

Drainage  requirements  in  relation  to  soil  and  land  use 

Economic  problems  of  drainage. __  . .....  ... 

120 

60 

20 

720 

175 

Subtotal. __  

120 

80 

895 

Research  of  importance  to  the  entire  program: 

Weather-tolerant  plants  ...  ... 

475 

81 

1,430 
2,  765 
1,360 
615 

Insect  control.  . . „ 

263 

Farm  machinery . ..  _ 

370 

88 

Farm-method  engineering  ...  _ ._ 

57 

Subtotal  ... 

845 

489 

6, 170 

Total 

4,776 

4, 665 

51, 305 

1 These  estimates  may  be  modified  by  the  Secretary  by  shifting  funds  between  major  lines  of  work  if 
needs  require. 
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Table  32. — Estimated  contributions  of  State  agricultural  experiment  stations  to 
accelerated  agricultural  research  program,  Missouri  River  Basin 


[Thousands  of  dollars] 


Average 
annual 
I operating 
| cost,  first 
5 years 


Total 

installation 
and  operat- 
ing cost, 
10  years 


Conservation  and  management  of  farm  and  ranch  land: 

Soil  and  water  management 

Improved  legume  and  grass  seed 

Forage  utilization 

Economic  research 


138 

64 

135 

113 


1,382 

631 

1,407 

1,086 


Subtotal 

Forest  and  range  research: 
Watershed  management. 

Forest  management 

Range  management 

Fire  control 

Forest  products 

Forest  economics 


450 


4, 506 


3 

4 


30 

35 


Subtotal. 


7 65 


Reduction  of  water  run-off  and  sediment: 

Effect  of  land  use  on  run-off  and  erosion 

Control  of  reservoir  silting 

Channel  stabilization  and  sediment  movement. 

Mechanics  of  sediment  transportation 

Evaluation  of  benefits 


15 

17 

18 
35 


148 

175 

180 

350 


Subtotal 

Irrigation  development: 

Snow  surveys  and  water-supply  forecasts. 

Water,  soil,  and  plant  relationships 

Economic  problems 

Subtotal 


85 

853 

1 

10 

228 

2, 280 

230 

2.260 

459 

4,  550 

Drainage  development: 

Drainage  requirements  in  relation  to  soil  and  land  use. 
Economic  problems  of  drainage 


32 

7 


320 

70 


Subtotal. 


39 


390 


Research  of  importance  to  the  entire  program: 

Weather-tolerant  plants 

Insect  control 

Farm  machinery 

Farm  methods  engineering 

Subtotal 

Total 


64 

54 

45 

70 


233 


631 

556 

450 

700 


2, 337 


1,273 


12, 701 


Program  of  Extension  Education 

Rapid  progress  in  development  of  the  agricultural  resources  of  the 
Missouri  Basin  is  largely  dependent  upon  the  active  participation  of 
farm  families  and  upon  the  active  cooperation  of  farm  groups,  civic 
and  commercial  organizations,  local,  county,  and  State  institutions, 
and  governmental  agencies.  Participation  and  cooperation  can  be 
effected  through  widespread  knowledge  of  objectives  of  the  program, 
general  agreement  on  the  functions  of  all  agencies,  and  the  acceptance 
of  both  farm  people  and  governmental  agencies  of  the  special  responsi- 
bilities of  each.  This  widespread  knowledge  can  be  established 
through  educational  means. 

Full  utilization  of  the  facilities  created  by  the  basin  development 
program  will  be  realized  when  the  people  living  in  the  areas  understand 
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the  scope  of  the  program  and  the  possibilities  for  a better  standard 
of  living  it  assures.  It  is  particularly  important  that  the  people 
understand  from  authoritative  sources  how  the  proposed  structures, 
changes  in  farming  systems  and  practices,  facilities  to  be  made  avail- 
able, and  other  features  of  the  development  program  will  affect  them 
personally,  the  community,  the  region  in  which  they  live,  and  the 
United  States  as  a whole.  This  understanding,  or  the  lack  of  it,  is 
the  key  to  the  manner  in  which  people  in  a democracy  cooperate  with 
their  government  in  programs  for  the  common  good.  It  can  be  best 
established  through  educational  channels. 

The  structures  built  for  the  purposes  of  irrigation  and  flood  control 
will  make  possible  many  facilities  which  can  be  used  to  improve  the 
agriculture  and  the  living  standards  in  the  basin.  Agricultural  agen- 
cies and  institutions  and  farm  people  and  their  organizations  have 
the  responsibility  for  developing  the  best  uses  of  the  facilities  thus 
made  possible.  Therefore  it  is  of  primary  importance  that  each 
farmer  study  how  the  availability  of  water  or  electric  current  will 
affect  his  farm,  and  for  each  group  of  farmers  who  live  on  or  adjacent 
to  a construction  project  to  study  and  determine  the  means  by  which 
that  project  can  bring  them  the  maximum  amount  of  benefit  and 
stability. 

Phases  of  the  development  program  involving  changes  of  farm 
management,  the  adoption  of  new  cultural  practices,  utilization  of  the 
byproducts  of  conservation,  such  as  hay  or  pastures,  and  other 
changes  on  privately  owned  land,  including  the  manner  of  living  of 
the  people,  are  particularly  dependent  upon  understanding  the  “why” 
of  such  changes  if  the  proposed  changes  are  to  become  established 
farm  and  home  practices.  This  understanding  can  be  attained  most 
quickly  through  educational  effort.  Thus  educational  work  is  essen- 
tial to  any  program  that  produces  lasting  results. 

The  educational  program  should  precede  and  be  kept  in  step  with 
the  developments  of  the  various  construction  projects,  land  treatment, 
and  other  accelerated  programs  in  the  basin.  The  people  must  be 
constantly  informed  through  contacts  with  official  sources  of  informa- 
tion. This  educational  service  should  be  available  to  all  the  582,000 
farm  families  in  the  basin.  In  addition,  urban  people  should  be 
informed  of  the  importance  to  them  of  the  development  of  these 
natural  resources. 

EDUCATIONAL  PROBLEMS 

There  is  a lack  of  general  public  understanding  of  the  development 
proposals  and  appreciation  of  the  inherent  possibilities  for  increased 
income  and  improved  living  standards.  Most  people  don’t  realize 
the  adjustments  in  farming,  range  use,  and  forest  land  management 
that  must  be  made  to  protect  public  investments  in  the  new  dams, 
reservoirs,  and  other  structures,  and  insure  full  and  efficient  use  over 
a long  period  of  time. 

Educational  needs  are  of  three  types:  (1)  To  develop  and  to 
expand  participation  of  farm  and  civic  leaders  working  with  repre- 
sentatives of  all  agencies  in  planning  the  development  of  the  Missouri 
River  Basin;  (2)  to  assist  farm  people,  ranchers  and  forest  and  wood- 
land users  to  understand  and  adopt  a wide  range  of  new  techniques 
of  soil  and  water  conservation  and  management  extending  from  the 
upper  mountain  watersheds  to  the  lower  humid  areas  of  the  basin; 
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(3)  to  assist  farm  people  to  realize  better  living  standards  and  farm 
efficiencies  made  possible  through  more  stable  income,  availability  of 
electricity  and  improved  technology,  and  to  take  advantage  of  expan- 
sion in  industrialization  that  is  expected  to  take  place  in  the  basin. 

EDUCATIONAL  ACTIVITIES  IN  RELATION  TO  ACCELERATED  AGRICULTURAL 

PROGRAM 

In  order  to  contribute  to  meeting  these  and  similar  needs,  the 
United  States  Department  of  Agriculture  recommends  the  develop- 
ment of  educational  and  service  programs  to  be  carried  out  with  the 
cooperation  and  assistance  of  Federal,  State,  and  local  agencies. 

The  prime  essential  is  a general  educational  program  to  inform  the 
people  of  the  basin  of  the  proposed  development  and  its  likely  effects 
upon  their  social  and  economic  welfare. 

This  general  effort  must  be  buttressed  by  accelerated  educational 
programs,  some  of  a continuing  nature,  designed  to  inform  farm  and 
nonfarm  people  of  the  varied  aspects  of  the  development,  encourage 
and  assist  farmers  to  adapt  their  enterprises  to  new  conditions  by 
using  techniques  which  fit  their  new  environments,  and,  in  many 
particular  instances,  to  give  farmers  the  informational  help  they  need 
to  bridge  the  gap  between  the  old  and  new  in  soil,  water,  farm,  forest, 
and  range  management.  New  irrigation  areas  call  for  new  and  con- 
tinuing educational  service  programs  of  special  quality. 

The  benefits  of  the  Missouri  Basin  development  can  be  realized 
in  full  within  a short  time  only  if  these  educational  efforts  are  capped 
by  a program  to  improve  living  standards.  Here  the  emphasis  will 
be  placed  on  the  best  use  of  new  facilities  and  services  in  recreation, 
improving  health,  producing  adequate  food  supplies,  increasing  the 
comfort  and  attractiveness  of  farmsteads  and  homes,  and  utilizing 
labor-saving  devices.  In  this  way,  the  basin  development  can  bring 
more  satisfactory  living. 

In  general,  the  recommended  educational  programs  will  be  accom- 
plished in  three  steps.  The  first,  of  course,  is  planning  with  farmers 
and  agency  representatives  how  farm  families  can  best  use  their  own 
efforts  and  available  assistance  to  improve  farming  and  living  situa- 
tions. This  should  be  followed  by  the  educational  efforts  needed  to 
help  farm  people  to  put  these  plans  into  operation  and,  then,  to  utilize 
the  benefits  of  the  basin  development  in  better  living. 

Conservation  in  general  farming  and  range  areas 

The  largest  part  of  the  educational  program  is  gaining  full  accept- 
ance of  adapted  soil  and  water  conservation  practices.  Even  with 
the  full  development  of  irrigation  possibilities,  the  main  problem  in 
vast  areas  is  to  conserve  water  where  it  falls  in  order  to  increase  yields, 
control  erosion,  and  reduce  flood  run-off.  Certain  of  these  areas  have 
been  designated  as  high  risk  areas  because  of  recurring  crop  failures. 
Research  and  experience  have  found  that  much  of  the  risk  can  be 
avoided  by  the  use  of  adapted  crop  varieties  and  practices.  Con- 
sequently, some  crops  can  be  produced  even  in  unfavorable  years. 
Many  of  the  problems  of  obtaining  a more  sustained  production  in 
much  of  the  upper  basin  may  be  solved  by  adapting  crops  and  prac- 
tices to  the  climate  of  the  region. 

An  illustration  of  the  features  of  the  agricultural  program  that  must 
be  supported  by  extension  work  among  farmers  is  good  management 
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on  watersheds  to  assure  high  quality  water  and  to  prevent  silting. 
This  is  a vital  part  of  river  basin  development.  The  forage  resources 
on  the  forest  ranges  and  adjoining  ranges  are  of  the  utmost  importance. 
Extension  education  can  encourage  the  adoption  of  management  prac- 
tices which  can  add  to  the  material  prosperity  of  the  basin.  Im- 
properly managed  or  abused,  these  resources  constitute  a liability. 
Thus  carrying  out  soil  and  water  conservation  practices  is  required  on 
the  upland  areas. 

Soil  and  water  management  for  economic  crop  production  calls  for 
readily  available  information  on  the  use  of  crops  and  varieties  which 
research  and  experience  have  found  to  be  best  adapted,  the  value  of 
conserving  organic  matter  in  the  soil  as  a means  of  preventing  erosion 
and  aiding  water  absorption  and  retention,  increasing  yields  through 
conservation  of  each  additional  inch  of  moisture  in  the  soil,  and  the 
increased  importance  of  controlling  weeds  where  moisture  is  a con- 
trolling factor  in  crop  production. 

Education  in  proven  methods  of  preventing  wind  and  water  erosion 
should  be  accelerated  in  keeping  with  other  phases  of  the  basin  de- 
velopment. Special  emphasis  is  required  in  critical  erosion  areas, 
particularly  those  in  northwest  Missouri,  northeast  Kansas,  eastern 
Nebraska,  western  Iowa,  and  southeastern  South  Dakota,  where  soil 
losses  due  to  erosion  are  very  heavy  in  high-producing  farm  areas. 

Approved  techniques  of  draining  agricultural  lands  should  be 
translated  into  farm  practice  to  fit  the  conditions  that  created  the 
problem.  These  include  the  inundation  of  fertile  valley  floors  when 
floods  overtop  streams  channels,  run-off  from  higher  farm  lands,  and 
inadequate  drainage  caused  by  soil  and  topography. 

Control  of  insect  damage,  the  need  for  reserve  feed  supplies,  and 
shelterbelts  and  windbreaks  are  subjects  with  a high  educational 
priority  rating  in  the  accelerated  program. 

As  the  program  progresses,  certain  byproducts  will  be  developed 
to  which  educational  assistance  must  be  applied  if  they  are  to  achieve 
full  usefulness.  These  include  the  utilization  of  increased  supplies 
of  hay,  forage,  and  pasture  through  livestock  as  an  essential  adjunct 
of  soil  and  water  conservation. 

Forest  resources 

Forest  resources  are  somewhat  localized  in  the  basin,  but  they 
are  important  to  the  welfare  of  all  the  citizens  of  the  area.  Water- 
sheds important  in  terms  of  water  yield  are  primarily  forested  or 
forest  range  lands.  The  proper  management  of  these  lands  is  basic 
to  obtaining  a well-regulated  flow  of  usable  water  in  the  future.  The 
production  of  forest  products  for  consumption  in  the  basin  can  aid  in 
meeting  the  requirements  of  farmers  for  building  materials,  fence 
posts,  lumber,  and  boxes,  and  the  manufacture  of  lumber  and  other 
wood  products  can  form  the  basis  of  industrial  activity  supplementing 
agriculture.  Other  forest  resources,  primarily  recreation  and  fish 
and  game,  also  contribute  to  better  living. 

In  the  hardwood  areas  in  the  eastern  portion  of  the  basin,  education 
can  aid  in  the  task  of  improving  the  quality  of  the  woodlands  through 
better  care  and  use  of  this  resource.  Here  croplands  and  woodlands 
are  generally  intermingled  and  constitute  inseparable  parts  of  a com- 
plex land  use  pattern.  The  whole  level  of  rural  living  can  be  improved 
by  integration  of  woodland  management  with  other  farm  enterprises. 
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A basin-wide  educational  program  is  recommended  to  help  realize 
the  full  benefits  of  forest  and  range  resources.  This  must  reach  all 
citizens,  urban  and  rural  residents  alike.  Many  of  the  recreationists 
and  hunters  making  use  of  the  forests  and  woods  are  city  folks. 
Especially  must  there  be  an  adequate  program  to  reach  forest-  and 
range-land  owners  and  operators  to  stimulate  their  interest  in  carrying 
out  better  management  practices.  Proper  and  full  information  is  a 
prerequisite  to  the  conduct  of  a satisfactory  program  of  public  forest 
and  range-land  management.  The  educational  program  will  be  most 
effective  if  technical  guidance  and  assistance  are  available  to  aid 
landowners  in  carrying  out  the  accelerated  program  of  good  resource 
rehabilitation  and  use. 

Irrigation 

Under  the  development  program,  about  6,000,000  acres  of  land 
will  be  brought  under  irrigation,  and  thousands  of  farmers  in  these 
areas  will  need  to  learn  a new  type  of  agriculture.  Many  of  these 
farmers  will  need  to  adjust  their  present  dry-land  farming  to  irrigation 
and  to  combinations  of  dry  land  and  irrigation.  The  transition  will 
involve  problems  of  utilizing  new  crops,  including  new  vegetables 
and  fruits,  as  well  as  organizing  and  utilizing  such  community  services 
as  electric  power. 

The  educational  program  in  areas  to  be  irrigated  is  designed  to 
meet  the  needs  in  three  stages  of  development:  (1)  Planning  and 
preconstruction,  (2)  development  and  settlement,  and  (3)  the  post- 
development  period. 

The  first  stage  will  bring  to  the  people  information  based  on  research 
and  the  experience  of  irrigation  farmers  in  other  areas  concerning  the 
adaptability  of  the  area  for  irrigation,  probable  cost  and  benefits, 
and  adjustments  in  farm  and  living  situations.  This  includes  probable 
market  outlets  for  irrigated  crops  and  similar  information  on  which 
judgments  may  be  based.  The  second  stage  will  require  more  detailed 
information  on  soil-  and  water-management  problems,  water  require- 
ments of  major  crops,  market  outlets  for  new  products,  and  problems  of 
farm  management  and  home  management  under  irrigation-farming 
situations. 

Educational  work  in  the  third  stage  of  development  is  particularly 
important  in  order  that  the  whole  community  may  fully  utilize  the 
opportunities  for  a balanced  and  more  stable  agriculture  and  better 
living.  Moreover,  the  public  and  community  investment  in  dams, 
electric  lines,  irrigation  ditches,  and  other  construction  must  be  safe- 
guarded. The  farm  people  of  these  areas  should  be  kept  abreast 
with  improvements  in  crop  varieties  and  cultural,  farm  management, 
marketing,  and  other  farming  and  homemaking  practices  which  are 
being  developed  by  the  expanded  research  program. 

Many  families,  including  several  thousand  who  will  be  forced  to 
move  from  reservoir  areas,  will  need  information  about  new  locations 
where  they  will  find  opportunities  to  establish  themselves.  Among  the 
first  essentials  is  to  bring  these  families  and  communities  into  contact 
with  officials  who  can.  give  authoritative  information.  Irrigation 
developments  will  afford  opportunities  for  many  new  families.  The 
educational  program  will  place  families  needing  to  relocate  in  touch 
with  the  opportunities  to  acquire  new  farms  thus  created. 
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The  proportion  of  acreage  now  operating  or  proposed  to  be  developed 
under  small  irrigation  projects  of  1 to  24  farms  is  59.3  percent  of  the 
total  irrigated  land  in  the  Missouri  Basin.  These  small  projects 
involve  many  of  the  problems  inherent  in  major  projects  and  have 
some  additional  problems  peculiar  to  small  enterprises.  These 
include  poor  distribution  systems,  incomplete  land  development, 
limited  supply  of  water,  inadequate  maintenance,  and  the  need  for 
technical  services  in  organization,  finance,  legal  procedure,  and 
engineering. 

Educational  assistance  and  often  technical  and  financial  help  in 
each  is  essential  in  stabilizing  the  agriculture  of  the  area  and  providing 
satisfactory  farm-living  situations  for  a greater  number  of  people. 
Individual  farmers  and  small  groups  of  farmers  not  only  can  draw 
upon  the  available  educational  assistance,  but  they  will  be  aided  in 
locating  sources  of  technical  and  financial  help. 

There  are  irrigation  areas  now  in  operation  where  special  educational 
help  is  needed  and  will  be  given  in  farm  and  home  planning  and 
management.  Some  of  these  present  critical  problems.  Supplying 
this  information  and  placing  these  people  in  touch  with  sources  of 
technical  and  financial  assistance  will  be  imperative  if  projects  are  to 
become  solvent,  farm  families  maintained  on  them,  and  the  investment 
protected. 

Integrating  irrigation  farming  with  surrounding  types  of  farming, 
in  terms  of  opportunities  and  results,  needs  a clearer  understanding. 
The  crop  diversification  and  the  stabilization  of  livestock  production 
which  can  be  obtained  through  the  combination  in  one  farm  of  irri- 
gated and  nonirrigated  land  can  be  determined  from  experience  and 
by  research.  Some  of  the  development  farms  proposed  or  now  in 
operation  can  test  recommendations  and  serve  as  educational  demon- 
strations. As  sounder  types  of  diversifications  are  explored,  discus- 
sions can  be  initiated  in  areas  where  irrigation  development  is  expected 
so  that  farmers  will  have  the  chance  to  evaluate  various  combinations 
as  they  plan  the  change-over  to  irrigation  farming.  Tours  will  be 
conducted  to  experimental  sites  such  as  the  tricounty  area,  south 
central  Nebraska,  where  farmers  are  now  trying  out  several  combina- 
tions of  irrigation  and  dry-land  farming. 

Supporting  programs 

An  educational  job  of  great  importance  lies  in  supplying  informa- 
tion concerning  such  supporting  programs  as  research  and  credit.  The 
research  program  will  continually  make  new  information  available. 
This  will  be  disseminated  through  the  educational  program  to  farm 
people  and  other  interested  parties  as  rapidly  as  available.  Farm 
people  will  be  assisted  in  applying  research  findings  to  their  particular 
problems.  Educational  work  in  relation  to  credit  will  familiarize 
farmers  and  ranchers  with  sound  credit  procedures,  credit  manage- 
ment, safe  credit  loads,  types  of  credit  available  and  their  advantages 
and  disadvantages,  sources  of  credit,  and  similar  matters. 

Assisting  people  to  realize  better  living  standards  and  farm  efficiencies 

The  extension  of  electric  power  to  many  rural  communities  is 
bringing  new  services  to  farm  families  in  the  form  of  many  desirable 
conveniences.  As  new  sources  of  electric  power  become  available, 
families  will  need  information  on  bringing  water  into  the  house,  sewage 
disposal,  electrifying  the  farmstead,  and  the  selection  and  care  of 
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electrical  equipment.  In  obtaining  these  improvements,  some 
families  will  need  assistance  in  financial  planning. 

Increased  industrialization  will  come  about  as  sources  of  new 
electric  power  are  developed.  This  will  directly  influence  the  living 
standards  of  rural  communities.  Expansion  of  industrial  centers 
will  provide  local  market  outlets  for  farm  produce.  It  is  equally 
important  that  this  industrial  expansion  will  provide  an  outlet  for 
employment  of  farm  youth.  Also  the  cost  and  services  of  improved 
health  centers,  recreational  centers,  and  educational  facilities  will  be 
shared  by  both  rural  and  urban  people. 

Many  families  are  now  asking  for  help  in  evaluating  plans  for  new 
houses,  remodeling  old  ones,  or  reorganizing  the  entire  farmstead. 
Increased  local  production  of  fruits  and  vegetables  under  irrigation 
will  make  possible  a more  adequate  diet.  Better  health  will  result. 

More  stable  income  and  increased  population  in  some  areas  will 
make  possible  better  recreational,  health,  school,  and  communication 
facilities.  Educational  support  will  be  given  to  helping  people 
utilize  these  and  other  byproducts  and  to  assisting  the  people  to 
organize  to  obtain  these  facilities. 

EDUCATIONAL  METHODS  TO  BE  USED 

The  educational  programs  will  be  planned  with  rural  people  in 
the  particular  area  concerned  and  with  the  representatives  of  agencies 
cooperating  in  the  agricultural  program.  It  is  important  that  all 
available  means  be  utilized  to  carry  information  and  educational 
assistance  to  the  particular  groups  to  be  reached  as  well  as  to  the 
public  as  a whole.  More  general  information  and  recommendations 
will  be  brought  to  the  people  concerned  through  the  press,  radio, 
circular  letters,  meetings,  farm  visits,  discussion  groups,  and  in  other 
ways.  Farm  people  will  be  assisted  to  make  adjustments  in  farm 
operations  and  family  living  through  small  meetings,  farm  visits, 
tours  to  older  developed  areas,  and  to  experiment  stations,  demon- 
strations and  nearby  farms,  and  similar  channels.  Particular  effort 
will  be  made  to  assist  farm  people  to  develop  farm  plans  to  correlate 
on  their  farms  the  recommendations  in  various  technical  fields. 

ESTIMATED  PERSONNEL  REQUIREMENTS  AND  COSTS 

There  are  now  cooperatively  employed  with  the  land-grant  colleges 
and  the  440  county  governments  in  the  Missouri  River  Basin  some  474 
men  and  257  women  giving  practically  full  time  to  voluntary  edu- 
cational programs  concerned  with  improving  agriculture  and  home- 
making  practices.  This  staff  in  most  instances  is  fully  employed  with 
current  programs.  The  accelerated  educational  program  here  recom- 
mended will  require  an  additional  400  county  agricultural  agents, 
100  home  agents,  and  60  specialists.  These  additional  persons  will 
be  employed  gradually  over  a period  of  10  years,  starting  with  145 
in  the  first  year  of  the  program.  The  first  specialists  employed  should 
be  in  technical  fields  which  will  contribute  most  to  the  irrigation 
and  erosion-control  features  of  the  program,  such  as  agricultural 
engineers,  soils  specialists,  and  foresters.  Specialists  in  fields  which 
will  enable  people  to  take  full  advantage  of  the  new  facilities  created 
to  stabilize  farm  income  and  improve  living  standards  through  live- 
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stock,  marketing,  and  home  management  should  be  added  as  the 
program  develops.  Agricultural  agents  should  first  be  added  in 
counties  where  erosion  is  critical  and  in  areas  where  new  irrigation 
projects  are  being  developed.  They  should  be  gradually  added  in 
other  less  critical  areas  where  the  present  staff  are  unable  to  carry 
the  accelerated  load  and  where  impacts  of  the  construction  phases 
of  the  development  affect  the  farm  economy  and  living  standards. 

County  home  agents  will  be  added  first  where  new  developments 
affect  the  living  situation,  particularly  with  respect  to  housing,  use 
of  electricity  in  the  home,  and  where  there  are  problems  of  living 
costs  in  relation  to  farm  income  during  and  following  the  development 
period.  The  additional  staff  recommended  will  be  supervised  by  the 
present  supervisory  staff  and  housed  in  present  county  offices. 

Estimates  of  the  personnel  required  to  carry  out  the  recommended 
program  are  summarized  in  table  33.  Estimates  of  costs  also  appear  in 
table  33. 

It  is  recommended  that  the  Secretary  be  authorized  to  carry  out  in 
cooperation  with  the  States  the  types  of  educational  work  outlined 
herein,  and  that  the  funds  required  to  supplement  the  staff  available 
under  existing  authorizations  shall  be  allotted  by  the  Secretary  to  the 
States  in  such  amounts  as  he  deems  appropriate. 


Table  33. — Estimated  personnel  requirements  and  costs  for  the  program  of  extension 

education 


Year  of  operation 

Number 
of  spe- 
cialists 

Number  of  county 
workers 

Cost  estimates 

Agricul- 

tural 

agents 

Home 

agents 

State 

Federal 

Total 

1 

15 

100 

30 

$796, 500 

$796,  500 

2 

25 

150 

40 

1, 191,500 

1, 191,  500 

3 

30 

200 

50 

$154, 900 

1, 394, 100 

1,549,  000 

4 

35 

250 

60 

190,  550 

1,714, 950 

1, 905,  500 

5 

40 

300 

70 

339, 300 

1,  922,  700 

2,  262,  000 

6 

45 

325 

80 

372, 150 

2, 108,  850 

2,481,000 

7 

50 

350 

85 

535,  500 

2, 142,  000 

2,  677, 500 

8 

55 

375 

90 

574,  800 

2,  299,  200 

2,  874,  000 

9 

60 

400 

95 

767, 875 

2,  303, 625 

3,  071,500 

10 

60 

400 

100 

773,  500 

2, 320,  500 

3,  094,  000 

Each  year  after  tenth 

60 

400 

100 

1,  000,  000 

2,  094,  000 

3,  094,  000 

30-year  cost . 

23,  708,  575 

60,  073, 925 

83,  782,  500 

A Supporting  Credit  Program 

The  accelerated  agricultural  program  for  the  Missouri  Basin 
will  call  for  large  capital  investments.  Although  the  Federal  Govern- 
ment will  make  a substantial  contribution  in  the  form  of  technical 
guidance  and  incentive  payments,  a major  part  of  the  cost  will  be 
borne  by  farmers  individually  and  as  members  of  groups.  A con- 
siderable number  of  farmers,  however,  will  lack  sufficient  funds 
of  their  own  to  participate  in  the  program  to  the  extent  that  they 
desire.  These  farmers  will  have  to  rely  on  credit. 

A considerable  amount  of  loanable  funds  will  be  available  from 
existing  credit  sources  on  suitable  terms  and  conditions,  and  these 
sources  should  be  utilized  as  far  as  possible.  However,  the  type 
of  development  and  readjustment  credit  required  by  many  farmers 
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will  not  be  available  under  the  standards  and  authorities  of  present 
lenders.  In  some  cases,  the  amounts  of  credit  available  to  particular 
individuals  and  farmer  groups  will  be  inadequate  for  such  purposes, 
because  legal  limits  exist  on  the  maximum  dollar  amount  which  may 
be  loaned,  appraisal  procedures  will  not  permit  sufficient  recognition 
of  future  earnings  expected  from  proposed  farm  improvements  and 
readjustments,  or  the  applicants  lack  equity  in  assets  acceptable 
to  lenders.  In  other  cases,  the  terms  and  conditions  available  are 
unsuited  for  such  purposes  because  the  required  repayment  period  is 
too  short,  repayments  on  principal  cannot  be  deferred  during  the 
development  period,  or  the  repayment  schedule  is  too  rigid  in  view 
of  conditions  causing  wide  variations  in  annual  income.  In  still  other 
cases,  the  total  supply  of  loanable  funds  available  to  some  lenders  is 
insufficient  where  the  need  for  credit  for  farm  improvements  and 
readjustments  is  most  acute.  Therefore,  supplementary  credit 
facilities  should  be  available  in  any  area  of  the  basin  where  the  present 
credit  facilities  are  inadequate  to  provide  the  funds  necessary  for  farm 
development  and  the  readjustment  of  farming  operations  to  place 
the  farm  business  on  a sound  basis. 

A sound  credit  program  should  be  based  upon  a careful  evaluation 
of  the  proposed  capital  outlays  and  their  effect  upon  future  income. 
This  evaluation  is  particularly  important  in  developmental  and 
readjustment  credit  since  the  risks  are  somewhat  greater  than  those 
encountered  on  farms  where  production  and  marketing  have  become 
standardized  and  stabilized.  These  risks  can  be  minimized,  however, 
by  carefully  worked  out  farm  and  home  plans,  by  appraisal  procedures 
which  recognize  the  future  benefits  from  planned  developments  and 
adjustments,  and  by  furnishing  technical  guidance  and  supervision 
to  the  borrower. 

In  order  to  facilitate  the  proposed  development,  the  agricultural 
credit  program  must  recognize  all  the  purposes  for  which  capital  will  be 
required  by  farmers  who  will  participate. 

PURPOSES  FOR  WHICH  INDIVIDUALS  WILL  NEED  CREDIT 

Farm  acquisition 

One  important  purpose  for  which  funds  will  be  needed  is  acquisition 
of  land.  An  estimated  18,800  new  farms  created  by  irrigation  will 
be  available  to  new  owners.  Furthermore,  throughout  the  region 
some  farmers  will  desire  to  purchase  additional  land  in  order  to  bring 
about  adjustments  necessary  to  achieve  economic  operation. 

Farm  improvement 

A substantial  amount  of  funds  will  be  needed  for  the  major  improve- 
ments required  on  many  farms.  Both  existing  owners  and  new  owners 
in  irrigation  projects  will  need  to  level  land,  install  pumps,  construct 
ditches,  provide  facilities  for  drainage,  and  make  other  similar 
improvements. 

Within  established  irrigation  areas,  6,500,000  acres  can  be  made 
more  productive  by  rehabilitating  existing  irrigation  systems,  land 
leveling,  drainage,  and  similar  improvements.  Likewise,  several  mil- 
lion acres  of  wet  land  require  rehabilitation  of  existing  drainage 
systems  and  construction  of  new  facilities. 
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Many  farmers  will  need  credit  to  finance  the  land  treatment  meas- 
ures described  in  this  report.  For  example,  about  2,000,000  miles  of 
terraces  and  431,000  miles  of  grassed  waterways  are  major  items  in 
the  program.  Other  measures  calling  for  important  investments  in- 
clude conversion  of  cropland  to  grass  and  trees,  application  of  lime 
and  fertilizer,  installation  of  stock  watering  facilities,  and  construction 
of  water  diversion  and  check  dams  for  gully  control. 

New  and  improved  farm  buildings  represent  another  major  purpose 
for  which  funds  will  be  needed  to  complete  the  development  of  a 
large  number  of  farms.  In  addition  to  buildings,  there  will  be  other 
permanent  types  of  farm  and  home  equipment  that  will  be  required, 
such  as  electrical  equipment,  fences,  and  domestic  water  facilities. 

Farm  operations 

New  or  additional  working  capital  will  be  needed  in  substantial 
amounts  on  many  farms  where  major  development  or  adjustment 
programs  are  contemplated.  Purchasers  of  new  irrigated  farms,  for 
example,  will  require  livestock  and  a line  of  machinery  adapted  to 
the  production  of  irrigated  crops,  funds  for  running  expenses,  and 
feed  and  seed  to  get  established. 

PURPOSES  FOR  WHICH  GROUPS  WILL  NEED  CREDIT 

There  will  be  a number  of  phases  in  the  basin  development  and 
improvement  program  that  can  be  accomplished  most  effectively  by 
farmers  when  organized  for  group  action.  Credit  will  be  required  in 
financing  many  of  the  following  activities. 

Water  jacilities 

Some  of  the  water  facilities  needed  for  irrigation  outside  of  the 
main  developments  will  be  community  projects  operated  by  water 
users’  associations  and  irrigation  districts.  Some  existing  irrigation 
projects  need  more  adequate  supplies  and  improved  distribution 
systems  to  utilize  fully  the  water  now  available.  Drainage  works 
often  require  repair  to  restore  productivity  to  presently  irrigated 
areas.  Frequently,  domestic  water  can  be  supplied  most  economically 
through  community  installations. 

Soil  and  water  conservation  jacilities 

Soil  and  other  conservation  districts  have  been  organized  to  provide 
a group  attack  on  the  land  treatment  program.  Installation  of  some 
soil  and  water  conservation  measures  and  practices  require  special 
heavy  equipment  not  always  readily  available  to  the  individual 
farmer.  District  purchases  of  such  equipment  and  other  facilities 
will  promote  the  more  rapid  attainment  of  the  basin  program. 

Marketing  and  processing  jacilities 

The  development  of  large  new  irrigated  areas  will  require  the  estab- 
lishment of  new  and  expanded  facilities  for  the  marketing  and  proc- 
essing of  farm  produce  and  the  purchasing  of  farm  supplies.  In 
some  instances,  these  facilities  will  serve  the  interests  of  farmers 
better  if  cooperatively  owned  and  operated  by  farmers  themselves. 

RECOMMENDATIONS 

It  is  recommended  that  the  Secretary  of  Agriculture  be  authorized 
to  carry  out  in  the  Missouri  Basin,  through  the  facilities  of  the  Depart- 
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ment  of  Agriculture,  State  land-grant  colleges,  universities,  and  other 
cooperating  public  and  private  agencies,  a program  of  furnishing  credit 
and  technical  guidance  and  assistance  to  individuals  and  farmer  groups 
as  hereinafter  provided,  such  authority  to  be  in  addition  to  and  not 
in  substitution  for  any  existing  authority  of  the  Secretary. 

I.  Existing  credit  facilities  shall  be  used  to  the  maximum  extent 
possible,  as  follows: 

A.  Encouragement  and  assistance  shall  be  given  to  private  and 
cooperative  lenders  to  finance  to  the  fullest  extent  possible,  consistent 
with  sound  business  practices,  farmers  in  need  of  credit  for  develop- 
ment purposes.  Such  encouragement  and  assistance  may  be  by — 

1.  Referral  of  applicants  for  loans  to  private  and  cooperative 
lenders. 

2.  Furnishing  guidance  and  technical  assistance  in  the  making 
of  appraisals  and  in  evaluating  the  credit  needs  of  farmers  to 
private  and  public  lenders  that  desire  to  advance  credit  to  farmers 
for  farm  development  and  adjustments  in  farming  systems  and  to 
farmers’  groups  for  various  kinds  of  community  facilities.  These 
services  shall  be  available  for  such  fees  as  may  be  determined  by 
the  Secretary. 

3.  Informing  private  lenders  of  the  objectives  and  procedures 
pertaining  to  the  basin  program  in  order  that  they  may  adapt 
their  operations  as  far  as  practicable  to  the  needs  created  by  the 
program. 

B.  The  national  farm  loan  associations,  production  credit  associa- 
tions, and  banks  for  cooperatives  will  continue  to  operate  in  the  basin 
within  the  scope  of  their  existing  authority,  and  they  will  be  en- 
couraged to  adapt  their  practices  to  the  extent  practicable  in  order  to 
meet  the  needs  of  agricultural  development  on  a sound  basis. 

C.  The  Farmers  Home  Administration,  without  regard  to  present 
limitations  in  the  Bankhead- Jones  Farm  Tenant  Act,  as  amended, 
with  respect  to  distribution  of  funds  among  the  several  States  and 
Territories,  shall  be  authorized  to  obtain  funds  in  such  amounts  as 
may  be  determined  from  time  to  time  necessary  to  expand  loan- 
making activities  to  keep  pace  with  the  progress  of  basin  develop- 
ments. 

D.  The  program  of  assistance  authorized  under  the  act  of  August 
28,  1937,  as  amended  (50  Stat.  869),  will  be  accelerated  within  the 
basin  to  promote  the  proper  development  and  utilization  of  water  on 
agricultural  lands  in  the  arid  and  semiarid  areas.  The  Secretary 
shall  be  authorized  to  obtain  funds  in  such  amounts  as  may  be  de- 
termined from  time  to  time  to  be  necessary  to  expand  this  program  of 
assistance  to  keep  pace  with  the  progress  of  basin  development. 

II.  To  facilitate  and  assist  in  the  readjustment  of  systems  of  farm- 
ing by  the  development  of  farming  resources  and  by  providing  facili- 
ties for  the  adoption  of  more  efficient  systems  of  farming  based  on  the 
conservation  and  wise  use  of  land  and  water  resources  in  such  areas 
of  the  basin  as  may  be  designated  by  the  Secretary,  the  Secretary 
shall  supplement  existing  credit  facilities: 

A.  By  making  loans  to  farm  and  ranch  owners  and  operators  to 
carry  out  approved  farm  plans  embodying  farm  development  and 
readjustments  in  systems  of  farming. 

1.  Loans  for  readjustments  may  be  made  for  the  purchase  of 
livestock,  equipment,  and  farm  supplies;  for  farm  and  home 
operating  expenses;  for  land  improvement  and  the  adoption  of 
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conservation  measures,  including  drainage  facilities;  for  the  erec- 
tion and  repair  of  buildings  and  fences;  for  refinancing  of  debts; 
for  the  payment  of  taxes  and  water  or  drainage  charges  or  assess- 
ments ; for  the  purchase  of  a farm  or  ranch ; for  the  enlargement 
of  existing  farm  and  ranch  units;  for  the  purchase  of  stock  or  a 
membership  in  the  farmers’  organization  providing  services 
essential  to  farming  operations;  and  for  other  agricultural  pur- 
poses. 

2.  Loans  for  readjustment  shall  bear  interest  at  rates  compar- 
able to  rates  charged  for  similar  loans  by  the  federally  sponsored 
credit  agencies  operating  in  the  basin,  as  the  Secretary  may 
determine. 

3.  No  applicant  shall  be  eligible  for  a loan  under  the  authority 
granted  herein  unless  the  applicant  is,  by  reason  of  his  character, 
ability,  industry,  and  experience,  capable  of  successfully  carrying 
out  the  undertakings  required  of  him  under  the  loan  proposed  to 
be  made  under  this  authority  and  that  credit  sufficient  in  amounts 
to  finance  the  actual  needs  of  the  applicant  is  not  available  to 
him  on  suitable  terms  and  conditions  from  any  other  source  serv- 
ing the  community  in  which  the  applicant  resides. 

4.  Such  loans  shall  be  adequately  secured  in  such  manner  as 
the  Secretary  may  determine.  If  in  the  judgment  of  the  Secre- 
tary it  shall  be  advisable,  in  order  to  preserve  the  security  for 
any  loan  made  under  this  authority,  the  Secretary  is  authorized 
to  pay  off  or  make  payments  on  taxes,  water,  or  drainage  charges 
or  assessments,  or  any  other  liens  which  may  be  prior  to  the  lien 
or  liens  securing  the  loans  made  under  this  authority. 

5.  Loans  shall  be  repaid  over  a period  of  years  in  installments 
consistent  with  the  ability  of  the  individual  borrowers  to  repay 
out  of  farm  income,  in  accordance  with  standards  prescribed  by 
the  Secretary,  but  in  no  event  shall  loan  repayment  periods 
exceed  40  years  from  the  date  of  advance  of  funds ; provided,  the 
Secretary  may  defer  the  payment  of  installments  for  a period  of 
not  to  exceed  5 years  to  permit  the  completion  of  planned 
development  and  the  readjustments  in  the  farm  program  if  he 
determines  that  the  farm  income  will  not  be  adequate  to  meet 
other  required  expenses  and  such  installments. 

6.  The  Secretary  shall  provide,  in  connection  with  loans,  for 
such  technical  guidance  and  assistance  as  he  deems  necessary 
to  assist  borrowers  in  developing  and  carrying  out  farm  plans, 
mutually  agreeable  to  the  borrowers  and  the  Secretary,  and  may 
establish  standards  for  the  periodic  review  and  revision  of  such 
farm  plans  and  the  degree  of  compliance  required  as  a condition 
of  granting  loans. 

B.  By  making  loans  to  organized  groups  of  farmers  to  provide 
facilities  and  services  necessary  to  enable  farmers  to  participate  in 
the  basin  program  of  conservation  and  development  of  land  and  water 
resources. 

1.  Loans  may  be  made  to  drainage  or  conservancy  districts 
for  the  construction,  enlargement,  rehabilitation,  and  operation 
of  facilities  for  the  drainage  of  land  suitable  for  agricultural  pur- 
poses and  for  refinancing  existing  debts  where  such  refinancing  is 
necessary  or  desirable  in  connection  with  a loan  for  the  above 
purposes. 
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(a)  Such  loans  shall  be  advanced  only  where  a prior  determina- 
tion of  the  feasibility  of  the  proposed  project  or  projects  has  been 
made  by  the  Secretary  on  the  basis  of  detailed  surveys  and  plans. 

(b)  Loans  shall  bear  interest  at  rates  to  be  determined  by  the 
Secretary. 

(c)  To  the  extent  possible  under  laws  applicable  to  the  districts, 
loans  shall  be  repaid  over  a period  of  years  on  an  installment 
schedule  consistent  with  the  ability  of  the  district  to  repay  out 
of  income  in  accordance  with  standards  prescribed  by  the  Secre- 
tary, but  in  no  event  shall  the  repayment  period  of  loans  exceed 
40  years  from  the  date  of  the  advance  of  funds;  provided,  the 
Secretary  may  defer  the  payment  of  installments  during  the 
installation  of  the  drainage  facilities  and  the  development  of  the 
lands  beneiited  thereby  for  a period  of  not  to  exceed  5 years,  if 
he  determines  that  the  income  of  the  district  will  not,  during 
such  period,  be  adequate  to  meet  other  required  expenses  and 
such  installments. 

(d)  Such  loans  shall  be  secured  in  such  manner  as  the  Secretary 
may  determine.  It  is  anticipated  that  ordinarily,  in  view  of  the 
nature  of  the  districts,  such  security  will  consist  of  bonds  backed 
by  the  taxing  power  of  the  districts. 

(e)  No  district  shall  be  eligible  for  a loan  under  1 above  unless 
(1)  the  district  cannot  get  credit  elsewhere  at  a reasonable  rate 
of  interest  and  upon  other  reasonable  terms;  (2)  the  district  is  so 
organized  and  its  management  and  policies  are  of  such  character 
as  to  insure  the  reasonable  safety  of  the  loan  and  the  furtherance 
of  basin  development. 

2.  Loans  or  reimbursable  advances  may  be  made  to  soil 
conservation  and  other  conservation  districts  which  are  em- 
powered to  provide  services  to  landowners  and  operators  to  carry 
on  conservation  and  land  development  work,  for  the  purchasing 
of  equipment  and  facilities  where  there  is  a sufficient  potential 
need  for  the  services  of  such  equipment  and  facilities  to  justify 
acquisition. 

(а)  Loans  or  advances  under  2 above  shall  bear  interest  at 
rates  to  be  determined  by  the  Secretary. 

(б)  The  loans  or  advances  under  2 above  shall  be  repaid  over 
a period  which  does  not  exceed  the  useful  life  of  the  equipment 
or  facilities  to  be  purchased  with  the  loan  funds,  the  ability  of  the 
district  to  pay  out  of  income  received  from  services  performed, 
or  5 years,  whichever  period  is  the  least. 

( c ) Loans  or  advances  under  2 above  shall  be  secured  by  a first 
mortgage  o i the  equipment  and  facilities  purchased  with  the  loan 
funds.  In  addition,  tbe  district  shall  assign  or  pledge  out  of  the 
income  which  it  is  to  receive  from  the  rental  or  use  of  such  equip- 
ment and  facilities  a sufficient  portion  to  insure  the  repayment  of 
the  loan  within  the  prescribed  repayment  period. 

3.  The  following  conditions,  in  addition  to  the  provisions  set 
forth  under  each  type  of  loan  above,  shall  apply  to  all  loans  and 
advances  made  under  1 and  2 above: 

(a)  The  Secretary  shall  provide  in  connection  with  such  loans 
for  such  technical  guidance  and  supervision  as  he  deems  neces- 
sary or  desirable  to  assist  borrowers  in  developing  and  carrying 
out  plans  for  the  construction,  maintenance,  and  use  of  facilities; 
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the  regular  conduct  of  business;  maintaining  good  membership 
relations;  and  for  activities  of  a similar  nature  which  vitally 
alfect  the  borrower’s  business  and  obligation  to  the  Government, 
and  shaJl  require  compliance  with  plans  so  developed. 

( b ) If  any  part  of  the  annual  sums  made  available  for  loans 
shall  be  obligated  during  the  fiscal  year  for  which  such  sums  are 
made  available  but  not  disbursed  or  advanced  during  such  year, 
such  undisbursed  or  unadvanced  funds  may  be  disbursed  or 
advanced  by  the  Secretary  at  any  time  during  the  five  fiscal  years 
following  the  fiscal  year  in  which  obligated  and  may  be  advanced 
in  i lump  sum  or  in  installments  is  determined  by  the  Secretary. 

C.  In  making  loans  as  recommended  in  sections  A and  B,  the  Secre- 
tary will : 

1.  Utilize  existing  or  appoint  such  local  farmer  committees  as 
he  may  deem  necessary  to  advise  him  in  carrying  out  his  respon- 
sibilities in  making  such  loans. 

2.  Require  borrowers  to  refinance  their  loans  when  it  appears 
they  may  be  able  to  obtain  a loan  from  private  or  cooperative 
sources  for  that  purpose  on  reasonable  terms  and  conditions. 

3.  Bid  for  and  purchase  at  any  foreclosure,  or  sale,  or  otherwise 
to  acquire  any  property  pledged  or  mortgaged  to  secure  a loan  or 
other  indebtedness  or  advance  owing  under  this  authority,  to 
accept  title  to  any  property  so  purchased  or  acquired,  to  operate 
or  lease  such  property  for  such  period  as  may  be  necessary  or 
advisable  to  protect  the  interest  of  the  United  States  therein,  and 
to  sell  or  otherwise  dispose  of  such  property  so  purchased  or 
acquired  under  such  terms  and  for  such  considerations  as  the 
Secretary  shall  determine  to  be  reasonable.  Property  so  acquired 
shall,  notwithstanding  that  legal  title  to  such  property  remains 
in  the  Secretary,  be  subject  to  taxation  by  the  State,  Territory, 
district,  dependency,  and  political  subdivision  concerned  in  the 
same  manner  and  to  the  same  extent  as  other  similar  property  is 
taxed. 

4.  Apply  the  provisions  of  the  Bankhead- Jones  Farm  Tenant 
Act,  as  amended,  relating  to  the  authority  of  the  Secretary  to 
compromise  and  adjust  loan  debts  and  the  provisions  of  law 
relating  to  the  authority  of  the  Secretary  to  adjust  and  cancel 
debts  of  farmers  (12  U.  S.  C.  1150-1 150(a)).  (The  provisions  of 
law  relating  to  criminal  offenses  applicable  to  loans  made  by  the 
Farmers  Home  Administration  which  are  not  in  the  process  of 
being  amended  shall  apply  to  loans  made  under  this  authority.) 

5.  Make  such  expenditures  as  he  deems  necessary  to  carry  out 
the  provisions  of  this  authority,  including  personal  services  and 
rents  in  the  District  of  Columbia  and  elsewhere. 

6.  Accept  and  utilize  voluntary  contributions  and  services  from 
any  source. 

7.  Issue  such  rules  and  regulations  and  make  such  delegations 
of  authority  as  he  deems  necessary. 

8.  Initiate  and  carry  out  credit  research. 

D.  In  designating  the  areas  in  which  the  loans  authorized  in  sec- 
tions A and  B may  be  made,  the  Secretary  shall  give  principal  con- 
sideration to  whether  the  agricultural  development  programs  recom- 
mended in  this  report  are  being  retarded  because  the  required  amounts 
and  types  of  credit  are  not  available  from  other  sources. 
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ESTIMATED  LOAN  FUNDS  AND  ADMINISTRATIVE  COSTS 

As  already  pointed  out,  the  cost  to  farmers  of  programs  proposedfin 
this  report  will  be  met  in  several  ways,  as  follows: 

1.  From  farmers’  own  resources.  This  will  include  investment 
of  their  time,  use  of  their  equipment,  and  a considerable  amount 
of  their  own  cash. 

2.  Loans  from  existing  credit  agencies.  The  Federal  land 
banks  and  national  farm-loan  associations,  production-credit 
associations,  banks  for  cooperatives,  commercial  banks,  life- 
insurance  companies,  and  other  available  lenders  will  be  expected 
to  extend  their  credit  service  as  far  as  practicable  on  a sound 
basis.  The  Farmers  Home  Administration  may  expand  its  loan- 
making activities  to  keep  pace  with  the  needs  of  the  program. 

3.  Needs  not  covered  by  the  foregoing  sources  will  be  met  by 
credit  under  the  special  lending  authority  by  the  Secretary  pro- 
posed above. 

The  only  portions  of  this  financing  program  requiring  Federal 
appropriations  are  the  loan  funds  of  the  Farmers  Home  Administration 
and  the  special  loans  by  the  Secretary.  The  estimated  amounts  of 
loans  that  will  be  required  during  the  30-year  period,  in  addition  to  the 
current  lending  rate  of  the  Farmers  Home  Administration,  are  as 
follows: 


Accelerated  water-facilities  loans $104,  132,  000 

Special  loans  and  accelerated  rate  of  Farmers  Home  Administra- 
tion loans 210,  430,  000 


Attention  is  directed  to  the  fact  that  while  appropriations  for  these 
loans  will  be  required,  the  loans  will  be  repaid  and  the  funds  reimbursed 
to  the  United  States  Treasury.  These  amounts,  therefore,  should  not 
be  added  to  the  installation  cost  of  the  recommended  program. 

Some  administrative  expense  will  be  involved  in  the  accelerated 
credit  program.  On  the  assumption  that  it  would  be  handled  in 
connection  with  other  similar  activities  of  the  Farmers  Home  Admin- 
istration, the  estimated  additional  salary  and  other  expense  cost 
would  be  as  follows: 

Accelerated  water-facilities  loan  program,  annually $300,  000 

Special  loans  and  accelerated  Farmers  Home  Administration  loan 

program,  annually 710,  000 

The  foregoing  estimates  cover  not  only  the  cost  of  making  the  loans 
but  also  servicing  the  loans  outstanding.  The  loans  in  force  will 
increase  in  number  and  amount  during  the  active  lending  period.  As 
repayments  begin  to  exceed  new  loans,  the  servicing  load  will  decline. 

Rural  Electrification  in  the  Missouri  Basin 

Extending  rural  electrification  in  the  Missouri  Basin  is  beset  with 
problems  that  are  not  present,  at  least  in  the  same  magnitude,  in  other 
areas  of  the  United  States.  In  this  region,  sparce  settlement,  unusual 
farming  hazards  from  highly  unpredictable  weather,-  and  the  acute 
shortage  of  generation  and  transmission  facilities  greatly  augment  and 
magnify  the  problems  normally  present  in  extending  central  station 
electric  service.  The  accelerated  multipurpose  development  in  the 
basin  also  will  require  that  particular  attention  be  given  to  the  details 
of  coordinating  an  accelerated  rural  electrification  program  with  the 
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related  programs  of  other  agencies.  Rural  electrification  problems 
peculiar  to  the  basin,  moreover,  will  require  additional  study  in  order 
to  develop  the  most  helpful  planning  assistance  for  borrowers  in  behalf 
of  completing  the  job  of  rural  electrification. 

NATIONAL  PROGRAM  OF  RURAL  ELECTRIFICATION 

The  national  program  of  rural  electrification  is  aimed  at  providing 
the  means  for  farmers  and  other  rural  residents  to  obtain  the  same 
conveniences  and  efficiencies  for  improving  their  social  and  economic 
life  as  are  available  to  most  persons  in  urban  areas. 

To  this  end,  the  United  States  Department  of  Agriculture,  through 
the  Rural  Electrification  Administration,  makes  loans  for  the  furnish- 
ing of  electric  service  to  persons  in  rural  areas  who  are  not  receiving 
central  station  electric  service.  Rural  areas  as  defined  in  the  Rural 
Electrification  Act,  as  amended,  include  farms,  rural  nonfarm  dwellings 
and  establishments,  and  towns  of  no  more  than  1,500  persons.  Loans 
may  be  made  to  persons,  corporations,  States,  Territories,  and  sub- 
divisions and  agencies  thereof,  municipalities,  people’s  utility  districts, 
and  cooperative,  nonprofit,  or  limited  dividend  associations  organized 
under  the  laws  of  a State  or  Territory  of  the  United  States.  In  making 
such  loans,  preference  is  given  to  States,  Territories,  their  subdivisions 
and  agencies,  municipalities,  people’s  utility  districts,  and  cooperative, 
nonprofit,  or  limited-dividend  associations.  As  of  November  30, 1948, 
95.7  percent  of  the  funds  loaned  had  been  borrowed  by  cooperatives, 
3.9  percent  by  public  bodies,  and  0.4  percent  by  power  companies. 

All  loans  are  self-liquidating  within  a period  not  to  exceed  35  years 
and  bear  interest  at  the  rate  of  2 percent  per  year.  They  may  cover 
100  percent  of  the  cost  of  construction.  These  systems  are  financed 
under  corporate  liability  and  not  under  individual  consumer  liabilities. 
Fifty  percent  of  the  loan  funds  made  available  annually  by  the 
Congress  is  allotted  for  loans  in  the  several  States  in  the  proportion 
which  the  number  of  farms  without  central  station  service  bears  to 
the  total  number  of  farms  in  the  United  States  without  central  station 
electric  service  as  of  June  30  each  year.  The  allotment  of  the  remain- 
ing 50  percent  of  loan  funds  is  discretionary,  except  that  not  more 
than  10  percent  may  be  employed  in  any  one  State  or  in  all  of  the 
Territories. 

Loans  are  primarily  for  the  purpose  of  financing  the  construction 
and  operation  of  rural  electric-distribution  systems.  However,  where 
existing  facilities  are  unable  to  provide  adequate  power,  or  where  an 
over-all  saving  in  the  cost  of  power  can  be  achieved,  loans  may  be 
made  for  the  construction  of  generation  and  transmission  facilities. 
Loans  also  may  be  made  to  finance  the  wiring  of  the  premises  of  per- 
sons in  rural  areas,  and  the  acquisition  and  installation  of  electrical 
and  plumbing  appliances  (sec.  V of  the  Rural  Electrification  Act). 
The  latter  type  of  loan  for  consumer  facilities  is  made  to  distribution 
system  borrowers  for  reloan  to  individual  consumers.  Loans  are  not 
made  for  individual  home  generators. 

Rural  electrification  borrowers  are  independent  business  enter- 
prises. Their  relationship  with  the  Department  is  primarily  the 
financial  one  of  borrower  and  creditor.  To  assist  borrowers  in  elec- 
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trifying  unserved  areas  and  to  safeguard  properly  the  security  of 
Federal  loan  funds,  advisory  assistance  is  provided  in  connection 
with  the  financing  and  construction  of  rural  distribution  systems  in 
accordance  with  established  standards.  In  addition,  borrowers  are 
assisted  where  necessary  in  audits  and  accounting  and  with  problems 
concerning  the  management  and  operation  of  the  rural  electric  systems. 

STATUS  OF  RURAL  ELECTRIFICATION  IN  THE  MISSOURI  BASIN, 

JUNE  30,  1948 

A big  job  of  rural  electrification  remains  to  be  done  in  the  Missouri 
River  Basin  area  (table  34).  The  average  of  the  percentage  of  farms 
electrified  in  the  basin  was  56.9  percent  on  June  30,  1948,  or  almost 
12  percent  below  the  national  average  of  68.6  percent.  Less  than  24 
percent  of  the  farms  in  North  Dakota  and  South  Dakota  and  only 
about  44  percent  of  Nebraska’s  farms  were  receiving  central  electric 
service.  About  half  the  farms  in  Kansas,  Missouri,  Montana,  and 
Wyoming  were  electrified.  On  the  other  hand,  considerable  progress 
has  been  made  in  achieving  area  coverage  in  Colorado  and  Iowa  with 
approximately  80  percent  of  the  farms  receiving  central-station  service 
on  June  30,  1948.  Connections  in  Minnesota  were  near  the  national 
average  or  slightly  less  than  70  percent. 

Most  of  the  rural  electrification  task  already  completed  in  the 
basin  has  been  accomplished  since  1934.  According  to  the  1935 
United  States  Census  of  Agriculture,  only  7.8  percent  of  the  farms  in 
the  basin  were  electrified  on  December  31,  1934.  The  Rural  Electri- 
fication Act  has  been  primarily  responsible  for  the  rapid  progress  of 
rural  electrification  during  the  past  14  years.  Almost  72  percent  of 
the  farms  electrified  in  the  basin  States  since  December  31,  1934, 
were  electrified  by  borrowers  under  that  act  (table  35).  The  propor- 
tion of  farms  electrified  by  borrowers  since  December  31,  1934, 
ranged  from  about  53  percent  in  Kansas  to  almost  87  percent  in 
Nebraska.  If  progress  continues  at  the  present  accelerated  rate, 
electric  energy  should  be  available  to  all  rural  consumers  in  the  fore- 
seeable future. 


Table  34. — Number  of  farms  with  central-station  electric  service  in  the  States  in 
the  Missouri  Basin , June  SO,  194-8  1 


State 

Farms  with 
central-sta- 
tion electric 
service 

Farms  with- 
out central- 
station  elec- 
tric service 

Percentage 
of  farms 
electrified 

Colorado 

38, 009 
167, 356 
71, 161 
130, 378 
127,  706 
18, 837 
48,  946 

9,609 

79.8 

Iowa  . _ .......  ...  . 

41, 578 
70, 031 
58, 574 
113, 228 
18,  910 
62, 810 
53,  841 
52, 300 
6, 205 

81.1 

Kansas.  _ ..  ...  ...  .. 

50' 4 

Minnesota . ... 

69.0 

Missouri  ...  _ . ..  

53.4 

Montana.  ....  _ 

49.9 

Nebraska. . ... ...  

43.8 

North  Dakota 

15, 879 

22.8 

South  Dakota ... 

15, 405 
6. 871 

23.9 

Wyoming.  . ...  

52.5 

Total  average  ... _ 

641,  548 

486,  886 

56.9 

1 Estimates  are  for  each  entire  State. 
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Table  35. — Percent  of  farms  electrified  from  1934  to  1948  by  borrowers  under 

Rural  Electrification  Act 


State 

Farms  elec- 
trified Dec. 
31,  1934,  to 
June  30, 
1948  1 

Farms  elec- 
trified by 
REA  bor- 
rowers from 
1935  to  June 
30,  1948 

Percent  of 
farms  elec- 
trified from 
Dec.  31, 1934, 
to  June  30, 
1948,  by  REA 
borrowers 

Oolorado 

30, 864 
135,309 
57, 937 
116, 595 
111,813 
16, 069 
39, 402 
13, 911 
13,  466 
6, 344 

17, 935 
96, 393 
30, 757 
90, 120 
84,  504 
9,  716 
34, 106 
10, 430 
8, 337 
5, 351 

58.1 

71.2 
53.1 

77.3 
75.6 

60.5 

86.6 
75.0 
61.9 

84.3 

Iowa  . ...  

Kansas  ........  . 

Minnesota ..  ...  ...  ...  

Missouri  . 

Montana . 

Nebraska  

North  Dakota 

South  Dakota 

Wyoming  

Total 

541,  710 

388,  649 

71.7 

i Estimate  of  number  of  farms  electrified  June  30, 1948,  less  number  electrified  December  31,  1934,  accord' 
ing  to  the  1935  Census  of  Agriculture.  Figures  for  each  entire  State. 


The  areas  served  by  borrowers  in  the  Missouri  Basin  are  outlined 
in  figure  23.  Two  main  boundaries  are  shown  on  figure  23.  One  is 
the  “ power  market  area”  boundary  adopted  by  the  Federal  Power 
Commission  in  its  power  market  survey  of  the  Basin.  The  other  is 
the  boundary  of  the  watershed  of  the  Missouri  River.  The  “ water- 
shed” boundary  is  indicated  by  a heavy  dotted  line  and  the  “power 
market  area”  boundary  by  a heavy  solid  line.  The  power  boundary 
is  most  important  for  the  purposes  of  assisting  borrowers  in  coordinat- 
ing their  plans  with  power  projects  under  way  or  contemplated  under 
the  Pick-Sloan  plan  and  with  other  programs  in  the  basin. 

Within  the  power  market  area  are  259  systems  financed  by  the 
Department.  Many  of  these  systems  have  already  made  detailed 
engineering  surveys  of  the  area  in  which  they  plan  to  make  electric 
service  available  to  all  rural  residents.  Those  areas  are  bounded  by 
“ultimate  system  boundaries”  shown  by  legend  designation  of  figure 
23.  A substantial  number  of  the  systems  for  which  no  boundary  is 
shown  also  have  embarked  on  ultimate  system  surveys.  The  remain- 
ing systems,  many  of  which  were  recently  organized,  are  expected  to 
initiate  such  studies  at  an  early  date. 

Table  36  represents  a brief  statistical  summary  of  the  status  of  the 
program  in  the  States  included  in  the  basin  area  as  of  November  30, 
1948.  As  of  that  date,  borrowers  had  been  loaned  $535,347,135  to 
construct  about  336,389  miles  of  line  to  serve  766,973  consumers. 
Approximately  217,181  miles  of  line  serving  552,868  consumers  were 
actually  energized  and  119,208  miles  of  line  to  214,105  consumers  were 
under  construction. 

About  485,000,000  kilowatt-hours  of  energy  were  sold  to  ultimate 
consumers  by  these  systems  for  the  5 months  ending  November  30, 
1948.  On  June  30,  1948,  farms  comprised  76.8  percent  of  the  con- 
nected consumers.  At  that  time,  borrowers  were  serving  about  60 
percent  of  the  farms  receiving  central  station  electric  service  in  the 
States  located  in  the  Missouri  Basin  area. 


AREAS  SERVED  BY  REA-FINANCED  SYSTEMS  IN  MISSOURI  RIVER  BASIN 
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POWER  USE  EDUCATION 

The  extension  of  electric  power  to  rural  areas  brings  new  services 
in  the  form  of  home  conveniences  and  labor-saving  equipment.  Farm 
families  need  information  on  bringing  water  into  the  house,  in  the 
selection,  care,  and  use  of  electrical  equipment,  and  in  resetting  farm 
operations  around  electricity.  Settlers  on  new  irrigation  projects  will 
need  help  in  the  development  of  a complete  farm. 

As  is  the  case  with  other  suppliers,  borrowers  will  play  an  important 
role  in  power  use  education.  At  present,  62,  or  24  percent,  of  the 
borrowers’  systems  in  the  basin  are  employing  electrification  advisers. 
Approximately  this  many  more  systems  have  taken  action  to  initiate 
an  educational  program  on  the  uses  of  electricity. 

Table  36. — Status  of  rural  electrification  under  the  Rural  Electrification  Act  in 
the  States  of  the  Missouri  Basin  1 


State 

Number 
of  bor- 
rowers 

Total 

loans 

Esti- 
mated 
miles 
of  line 
to  be 
con- 
structed 

Esti- 
mated 
con- 
sumers 
to  be 
con- 
nected 

Miles 
of  line 
ener- 
gized 

Con- 

sumers 

con- 

nected 

Elec- 
tricity 
used  by 
con- 
sumers— 
5 months 
ended 
Nov.  30, 
1948 

Percent 
of  total 
REA 
con- 
sumers 
which 
are 
farms 

Percent 
of  total 
elec- 
trified 
farms 
served 
by  bor- 
rowers 

Colorado 

22 

Thou- 
sand 
dollars 
29,  050 

17, 458 

44,  768 

11,597 

35, 693 

Thou- 
sands of 
kilowatt- 
hours 
38,  784 

56.0 

47.2 

Iowa 

55 

93, 430 

51,  474 

123, 125 

42, 766 

108, 217 

90,  232 

94.3 

57.6 

Kansas 

36 

49,  609 

35,  604 

68,  343 

20, 319 

41, 139 

25, 180 

85.1 

43.2 

Minnesota 

54 

90,  321 

62, 645 

148,  016 

49,  924 

122, 993 

109,  476 

78.4 

69.1 

Missouri 

47 

97, 625 

57, 837 

180, 447 

37, 126 

130,  042 

95, 187 

69.7 

65.1 

Montana 

23 

24, 003 

14,  676 

29,  463 

9,  940 

20, 586 

21,  296 

53.3 

51.6 

Nebraska. 

36 

51,  098 

36, 541 

74, 762 

21,396 

46,  270 

44, 513 

83.8 

69.6 

North  Dakota 

23 

54,  667 

30, 175 

42,  090 

11,  373 

18,  516 

15, 589 

71.2 

65.7 

■South  Dakota 

28 

35,  006 

22,  849 

42, 848 

8, 464 

19, 648 

25,  332 

54.2 

50.8 

Wyoming 

16 

10, 538 

7, 130 

13,111 

4,  276 

9, 764 

19,  892 

59.7 

77.9 

Total 

340 

535, 347 

336,389 

766, 973 

217,181 

552,  868 

485, 490 

76.8 

60.2 

i All  data  as  of  Nov.  30, 1948,  except  last  two  columns,  which  are  for  June  30, 1948. 


Electrification  advisers  work  closely  with  county  extension  agents, 
vocational  agriculture  teachers,  and  State  college  specialists  in  show- 
ing farmers  how  to  select,  install,  and  operate  electrical  equipment, 
to  adapt  electricity  to  farm  and  home  uses,  and  to  determine  the 
relative  efficiencies  of  electricity  and  other  power  sources.  Borrow- 
ers will  be  encouraged  to  intensify  work  in  power-use  education  to 
supplement  the  accelerated  educational  activities  of  Federal  and  State 
agencies  as  contemplated  in  this  report. 


DEVELOPMENT  OF  ELECTRIFICATION  IN  NEW  IRRIGATION  PROJECTS 

Individual  farmsteads  have  to  be  developed  from  the  ground  up  on 
new  irrigation  projects.  It  is  probable  that  settlers  could  accom- 
plish this  development  more  rapidly  and  economically  if  power  were 
available  to  them  at  the  time  of  settlement.  If  groups  of  settlers 
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decide  that  this  power  would  be  desirable,  arrangements  may  be 
worked  out  with  borrowers  in  behalf  of  making  electricity  available 
early  in  the  development  stage.  In  order  to  make  this  assistance 
available,  however,  groups  of  these  settlers  or  some  responsible  public 
agency  must  certify  that  development  will  take  place  after  lines  have 
been  constructed,  and  connection  deposits  may  be  required  to  secure 
the  financial  responsibility  involved.  This  is  a matter  that  must  be 
worked  out  with  each  borrower,  and,  if  adequate  assurance  of  devel- 
opment and  loan  security  is  forthcoming,  loans  may  be  made  available 
for  advanced  development. 

The  size  and  design  of  many  borrower  systems  will  be  materially 
affected  by  the  location  and  number  of  farms  to  be  added  by  the 
development  of  new  irrigation  projects  and  the  location  and  number 
of  farms  to  be  flooded  by  reservoirs  from  dam  construction.  The 
location  and  size  of  reservoirs,  existing  irrigated  land,  and  arable  land 
to  be  irrigated  is  outlined  in  figure  21.  The  necessary  detail  for 
fitting  these  developments  into  the  design  of  individual  systems  will 
be  incorporated  in  the  “ultimate  system  studies”  conducted  by  bor- 
rowers serving  the  affected  areas.  Borrowers  will  be  kept  informed 
as  present  plans  for  these  developments  mature  and  as  new  projects 
are  authorized. 

ESTIMATES  OF  FARM  POWER  REQUIREMENTS 

The  estimated  power  requirements  for  farm  consumers  for  the 
States  in  the  basin  in  1960  and  1970  are  shown  in  table  37.  These 
are  based  primarily  on  estimates  developed  by  the  Federal  Power 
Commission  in  its  publication  entitled  “Part  1 — Power  Requirements, 
Power  Market  Survey,  Missouri  River  Basin.”  The  Federal  Power 
Commission  estimates,  which  were  made  for  five  major  subdivisions 
of  the  basin,  have  been  adjusted  to  a State  basis.  In  addition,  results 
of  economic  appraisals  and  power-requirement  studies  by  borrowers 
in  the  area  have  been  considered. 

Table  37. — Estimated  farm  energy  requirements  in  the  States  in  the  Missouri  Basin 

in  1960  and  1970  1 


Average  annual  kilo- 
watt-hour consump- 
tion per  farm  2 

Total  number  of  farms 
in  the  basin  States  3 

Total  energy  require- 
ments assuming  all 
farms  connected  to 
central  station  serv- 
ice—in  kilowatt- 
hours  4 

1960 

1970 

1960 

1970 

1960 

1970 

Colorado 

Iowa . . 

Kansas. 

Minnesota 

Missouri . 

Montana ..  

Nebraska.  . ... 

North  Dakota 

South  Dakota 

Wyoming 

Total 

4, 600 
4, 500 
3,  800 

3,  600 
3, 900 

4,  082 
4, 300 
4,250 
4, 125 
3,  700 

6,  000 
6,700 
6, 100 
6,  600 
6,200 
6, 146 
6,  700 
6,300 
6, 150 
5,350 

47, 618 
208,  934 
141, 192 
188,  952 
242,  934 
37,  747 
111,756 
69,  520 
68,  705 
13,  076 

47,618 
208,  994 
141,  192 
188,  952 
242,  934 
37,  747 
111,  756 
69,  520 
68,  705 
13,  076 

Thousands 
273,  804 
1, 175,  254 
670, 663 
850,  284 
1,184,  303 
192, 603 
600, 689 
369, 325 
354,  260 
60,  476 

Thousands 
357, 135 
1, 749, 822 
1,  076, 589 
1,  558,  853 
1, 882,  737 
289,  991 
935,  956 
547, 470 
528, 170 
87,  446 

4,056 

6, 379 

1, 130,  434 

1, 130,  434 

5,731,661 

9,  014, 169 

1 Does  not  include  power  requirements  for  pump  irrigation  and  rural  nonfarm  consumers. 

2 Estimates  based  on  the  Power  Market  Surveys  of  the  Federal  Power  Commission  and  economic  ap- 
praisals and  detailed  power  requirement  studies  of  certain  borrowers. 

2 United  States  Census  of  Agriculture,  1945. 

* Includes  20  percent  energy  losses. 
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The  total  kilowatt-hour  consumption  per  farm  is  the  sum  of  the 
estimated  use  per  farm  dwelling  and  the  estimated  use  for  operating 
farm  equipment.  Energy  requirements  for  farm  operations  are 
weighted  according  to  the  proportion  of  each  type  of  farm  which  is 
expected  to  be  found  in  each  area.  There  are  wide  differences  in 
power  needs  for  the  different  types  of  farm  enterprises.  For  instance, 
range  livestock  farms  use  a great  deal  less  energy  than  do  dairy  farms. 
Farm  household  power  requirements  are  based  on  the  estimated  sat- 
uration for  the  various  household  appliances.  It  is  interesting  to  note 
that  there  is  only  slight  variance  between  States  in  kilowatt-hour  con- 
sumption per  farm. 

The  total  number  of  farms  that  are  expected  to  be  in  the  basin 
States  in  1960  and  1970  is  equal  to  the  number  of  farms  in  these  States 
on  January  1,  1945,  according  to  the  1945  Census  of  Agriculture.  It 
was  assumed  that  the  increase  in  number  of  farms  due  to  irrigation 
will  probably  be  canceled  by  the  trend  toward  larger  and  fewer  dry- 
land farms  and  the  flooding  of  land  by  reservoirs.  If  there  is  a net 
increase  or  decrease  in  the  number  of  farms,  the  power  requirements 
will  change  in  direct  proportion.  The  estimated  total  farm  electric 
energy  requirement  in  each  State  is  the  product  of  the  estimated  total 
kilowatt-hour  consumption  per  farm  and  the  estimated  total  number 
of  farms,  plus  20  percent  energy  loss  from  load  centers  to  farms.  It  is 
assumed  that  all  farms  will  be  connected  to  central-station  high  lines 
by  1960.  Number  of  farms  rather  than  difference  in  use  per  farm 
determines  total  power  requirements  by  States.  Total  farm  power 
requirements  estimated  for  1970  are  almost  1,900,000,000  kilowatt- 
hours  in  Missouri  and  about  1,750,000,000  kilowatt-hours  in  Iowa. 
Minnesota,  Kansas,  and  Nebraska  will  also  have  large  energy  require- 
ments. Colorado,  Montana,  North  Dakota,  and  South  Dakota  will 
require  between  290,000,000  and  547,000,000  kilowatt-hours.  Wyo- 
ming will  have  the  lowest  energy  requirement  of  the  basin  States. 

NEEDS  OF  RURAL  ELECTRIFICATION  BORROWERS 

The  estimated  needs  of  borrowers  for  rural  distribution  line  to 
accomplish  the  electrification  of  the  remaining  unserved  rural  areas 
are  expressed  in  miles  of  line  and  in  dollars  in  table  38.  The  figures 
for  miles  of  line  were  obtained  by  dividing  the  estimated  total  number 
of  rural  consumers  without  central-station  service  by  the  estimated 
number  of  consumers  per  mile  of  line.  The  estimate  of  funds  required 
is  the  product  of  the  construction  cost  per  mile  of  distribution  line 
and  the  required  miles  of  line.  The  per-mile  construction  cost  of 
$1,700  is  calculated  in  light  of  1948  prices  for  material  and  labor. 

The  only  reliable  measures  of  unserved  rural  consumers  are  those  of 
rural  farm  consumers.  There  are  no  data  shoving  unserved  rural 
nonfarm  consumers.  Therefore,  in  estimating  the  total  number  of 
rural  consumers  remaining  to  be  served,  the  assumption  was  made 
that  the  unserved  farm  and  rural  nonfarm  consumers  remaining  are 
in  the  same  proportion  as  were  the  farm  and  rural  nonfarm  consumers 
connected  by  borrowers  during  the  12  months  ending  June  30,  1948. 
Using  these  proportions,  estimates  of  unelectrified  farms  based  on  the 
June  30,  1948,  unelectrified  farm  survey  were  expanded  to  unelectrified 
rural  consumers. 
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Table  38. — Estimate  of  the  number  of  miles  and  construction  cost  of  the  rural  distri- 
bution lines  which  are  required  to  extend  central  station  electric  service  to  the  re- 
maining unelectrified  rural  areas  in  the  States  in  the  Missouri  Basin  1 


Rural  consumers  without  central  station  service 

Consum- 
ers per 
mile  of 

Distribu- 
tion line 
required 

Funds  required  to  construct 
the  distribution  lines  to 
serve  unelectrified  rural 
areas 

State 

Farms 

Rural 

nonfarm 

resi- 

dences 

Total 

distri- 

bution 

line 

to  serve 
unelectri- 
fied rural 
areas 

Total  re- 
quired 1 2 

Funds 
available 
June  30, 
1948  3 

Addi- 
tional 
funds 
needed  t 

Colorado 

9,609 

5,938 

15,  547 

1.83 

Miles 
8, 496 

Thousand 
dollars 
14, 443 

Thousand 

dollars 

12,000 

Thousand 

dollars 

2,443 

Iowa... 

41,  578 

2,  536 

44,114 

1.94 

22,  739 

38, 656 

19,000 

19, 656 

Kansas 

70,031 

9, 314 

79, 345 

1.79 

44,  327 

75, 356 

17,000 

58, 356 

Minnesota 

58,  574 

31,923 

90, 497 

2.01 

45,023 

76,  539 

24,000 

52,  539 

Missouri 

113, 226 

27,  514 

140, 742 

2.53 

55, 629 

94,  569 

33,000 

61,569 

Montana 

18,  910 

12,064 

30,  974 

1.60 

19,  358 

32,  909 

9,000 

23,  909 

Nebraska 

62,  810 

14, 195 

77,005 

1.86 

41,401 

70,  382 

19,000 

51,382 

North  Dakota 

53, 641 

10,  245 

63,  886 

1.28 

49,  910 

84,  847 

24,000 

60,  847 

South  Dakota 

52,  300 

29,  706 

82,006 

1.59 

51,576 

87, 679 

18,000 

69, 679 

Wyoming 

6,205 

2,  916 

9,121 

1.19 

7,  664 

13,029 

3,000 

10,029 

Total 

486,  884 

146, 351 

633,237 

1.83 

346, 123 

588,409 

178,000 

410, 409 

1 Does  not  include  estimates  of  requirements  for  generation  and  transmission  facilities,  system  improve- 
ments, headquarters  facilities,  radio  and  communications,  acquisitions  and  consumer  facilities. 

2 Costs  are  calculated  at  1948  prices  for  labor  and  material  of  $1,700  per  mile. 

* Includes  carry-over  of  funds  from  fiscal  year  1948,  fiscal  year  1949  statutory  allotments,  and  fiscal  year 
1949  discretionary  allotments. 

In  arriving  at  estimates  of  funds  needed  to  construct  distribution 
line  to  serve  the  unelectrified  rural  establishments,  it  was  assumed 
that  borrowers  would  make  virtually  all  the  connections  in  the  States 
in  the  Missouri  Basin.  If  private  power  companies  become  more 
active  in  the  rural  area  concerned,  less  loan  money  will  be  needed. 

Estimates  of  funds  needed  to  complete  rural  electrification  are 
equal  to  the  estimates  of  funds  required  to  serve  rural  areas  as  of 
June  30,  1948,  less  the  funds  available  to  borrowers  on  that  date. 
The  funds  available  to  the  borrowers  in  each  State  on  June  30,  1948, 
comprised  three  distinct  allotments.  They  were:  (1)  Carry-over  of 
unused  funds  allotted  on  June  30,  1947,  for  the  1948  fiscal  year; 
(2)  statutory  allotments  for  fiscal  1949  on  the  basis  of  the  relative 
proportion  of  the  total  number  of  unelectrified  farms  on  June  30,  1948, 
and  (3)  discretionary  allotments  for  fiscal  1949  based  on  relative  need 
for  additional  funds.  Discretionary  allotments  may  be  adjusted 
somewhat  between  States  during  the  fiscal  year  if  relative  needs 
change. 

Although  the  total  funds  available  to  borrowers  in  the  basin  States 
were  slightly  more  than  one-third  of  the  funds  available  to  all  borrowers, 
the  need  for  additional  money  for  distribution-line  construction  is  still 
substantial  in  most  of  the  area.  Six  of  the  States  concerned  need  over 
$50,000,000.  The  total  need  is  approximately  $410,000,000.  This 
does  not  include  an  additional  undetermined  amount  for  generation 
and  transmission  facilities,  system  improvements,  headquarters  facili- 
ties, radio  and  communication,  acquisition,  and  consumer  facilities. 

The  speed  with  which  funds  now  available  for  construction  will  be 
used  depends  on  the  availability  and  cost  of  materials  and  supplies, 
especially  conductor,  the  availability  of  low-cost  power  to  meet  the 
rapidly  growing  consumption  demands,  and  the  availability  of  ade- 
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quate  administrative  funds  for  servicing  loans,  planning  construction 
needs,  and  coordinating  the  program  with  other  developments  in  the 
basin. 

The  natural  difficulties  of  extending  central  station  electric  service 
are  greatly  magnified  in  parts  of  the  Missouri  Basin  due  to  sparse 
settlement,  unusual  farming  hazards  and  a severe  shortage  of  genera- 
tion and  transmission  facilities.  In  addition,  there  are  many  prob- 
lems in  maintaining  liaison  between  the  rural  electrification  program 
and  the  development  of  new  power  sources,  a more  adequate  trans- 
mission system,  new  farms  on  reclaimed  land,  and  a more  intensive 
irrigation  program  generally.  There  is,  therefore,  a need  for  some 
special  investigational  and  program  development  work  to  assist  bor- 
rowers to  integrate  their  plans  with  other  phases  of  the  over-all  basin 
development  program. 

POWER  POLICIES  TO  FURTHER  RURAL  ELECTRIFICATION 

The  major  factor  limiting  the  development  of  rural  electric  systems 
is  the  acute  shortage  of  power  and  of  transmission  lines  to  rural  system 
load  centers.  Accordingly,  borrowers  have  a vital  stake  in  the  con- 
struction of  generation  and  transmission  facilities  under  the  Pick- 
Sloan  plan.  Existing  Federal  laws  give  cooperatives  and  public 
bodies  preference  in  the  disposition  of  electric  power  generated  by 
public  hydroelectric  projects.  It  is  essential  that  these  laws  be  con- 
tinued. 

Rural  electrification  in  the  basin  will  be  advanced  by  the  develop- 
ment of  its  power  potentialities  to  the  fullest  extent  possible  and 
economically  feasible  at  such  times  as  the  power  demands  arise. 
This  will  require  the  generation  of  power  by  steam  and  other  types  of 
plants  as  well  as  by  hydroelectric  installations.  A substantial  amount 
of  nonhydro  capacity  will  be  necessary  for  alleviating  acute  shortages 
during  the  interim  until  more  hydro  capacity  is  available  for  carrying 
the  backbone  of  the  load.  As  the  hydro  capacity  becomes  more  fully 
developed  the  steam  and  internal  combustion  capacity  will  be  essential 
for  “firming  up”  and  for  reserves. 

It  is  also  important  that  Federal  agencies  supplying  power  to  rural 
systems  provide  such  power  at  the  lowest  possible  wholesale  rates. 

In  marketing  the  power  produced  by  publicly  financed  projects, 
preference  should  be  given  to  the  needs  of  cooperatives,  public  bodies 
and  other  public  or  nonprofit  uses.  In  developing  the  power  resources 
of  the  basin,  the  transmission  of  power  to  the  load  centers  should  be 
provided  as  an  integral  part  of  the  over-all  development. 

In  establishing  market  boundaries  of  power  developed  under  the 
basin  plan,  it  is  essential  that  market  boundary  lines  should  not  be 
drawn  through  a rural  system  area.  Where  a portion  of  a rural  electric 
system  lies  within  an  accepted  power  market  boundary,  power  pro- 
duced under  the  basin  program  should  be  available  to  all  consumers 
supplied  by  the  system  concerned. 

RECOMMENDATIONS 

It  is  of  utmost  importance  that  the  planning  of  rural  electrification 
systems  be  integrated  with  the  power  features  of  the  Pick-Sloan  plan. 
Moreover,  in  carrying  out  this  plan  recognition  should  be  given  to  the 
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need  for  rural  electrification.  To  insure  the  maximum  possible 
coordination  in  these  respects,  to  assist  borrowers  in  developing  plans 
for  extending  service  to  the  more  sparsely  settled  and  economically 
unstable  farming  areas,  and  to  make  certain  that  activities  under  the 
national  rural  electrification  program  are  properly  related  to  the  basin- 
wide agricultural  program  set  forth  in  this  report,  it  is  recommended 
that  the  Department  of  Agriculture  undertake  special  investigational 
and  program  development  work  in  the  Missouri  Basin.  It  is  esti- 
mated that  the  necessary  investigations  and  work  can  be  completed 
within  a period  of  2 years  at  a cost  of  $138,000. 

It  is  also  recommended  that  loan  funds  be  provided  through  the 
annual  loan  authorizations  to  the  Department  to  enable  borrowers  to 
complete  the  task  of  extending  central  station  service  to  all  unserved 
farms.  It  appears  that  the  present  method  of  loan-fund  allotment  by 
States  under  the  national  program  will  provide  adequate  money  to 
complete  this  task.  If,  at  a later  date,  it  is  found  that  the  national 
program  does  not  provide  funds  for  completing  this  task,  it  is  recom- 
mended that  the  necessary  funds  be  made  available  for  this  purpose 
through  supplemental  appropriations. 
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